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TABLE 1V. Postoperative complications in 16 patients

Complications Nof Gr. I« (%)
Post-operative hemorrhage i 6.3
Anastomotic insufficiency 0 ¢
Pancreatic fistula 0 0
Wound infection 0 0
Intra-abdominal abscess B 12.5
Intestinal occlusion 0 0
Death resulting from complications 0 0
Any postoperative complication 3 18.8

Gr indicates toxicity grade according to the NCI-CTCAE ver. 4.0

the feasibility and efficacy of NIPS comprising intraperitoneal mito-
mycin C (MMC) and cisplatin (CDDP), followed by two cycles of
intravenous triplet chemotherapy of docetaxel. 3-fluorouracil (5-FU),
and CDDP, with subsequent surgery [28]. Out of the 25 study
patients, 14 (56%) showed negative results on peritoneal cytology
with no macroscopic peritoneal metastasis. while the remaining
I'1 were cancer cell positive on peritoneal cytology or macroscopic
peritoneal metastasis even after NIPS. The MST for all 25 patients
was 16.7 months. On the other hand, the predominant toxicity was
myelosuppression, and grade 3-4 leukopenia and neutropenia oc-
curred in 80% of patients, requiring management by a specialized
medical oncologist. These results indicated that NIPS using intraper-
itoneal docetaxel and S-1 could be more feasible and effective thera-
py for gastric cancer patients with PC.

Because the prognosis of gastric cancer with peritoneal dissemi-
nation is very poor, surgery has not been the standard therapy except
for patients requiring palliation of symptom such as bleeding or ob-
struction. Kim et al. [29] reported the results of a randomized phase
11 study of S-1 alone versus S-1 plus intravenous docetaxel for unre-
sectable and recurrent gastric cancer. The combination therapy of
S-1 plus intravenous docetaxel had no apparent survival benefit over-
all: however, in the group of patients with no measurable disease.
who were supposed (o be gastric cancer patients with PC, S-1 plus
intravenous docetaxel showed significant survival benefits over S-1
alone (17.5 months vs. [1.7 months, P = 0.0389). This indicated
that the combination chemotherapy with S-1 and docetaxel is prom-
ising for gastric cancer with PC.
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Fig. 2. Overall survival of 18 patients enrolled in this study. MST:

Mean survival time. Median follow-up time was 45 months.
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Intraperitoneal chemotherapy was originally developed to enhance
antitumor activity against PC by maintaining a high concentration of
the drug in the peritoneal cavity over a long period. The clinical
effects of this approach have been verified by a number of convinc-
ing clinical trials in ovarian cancer {30.31]. Recently. intraperitoneal
administration of taxans such as paclitaxel and docetaxel was also
examined in gastric cancer with peritoneal dissemination to achieve
higher and longer concentration of taxans in the peritoneal cavity
[22.32].

In this study, out of 14 patients who had curative surgery with
negative results on peritoneal cytology and no macroscopic peritone-
al metastasis, eight patients died from peritoneum recurrence. The
result indicates a lack of therapeutic power of this regimen to cure
patients with PC. We continued monotherapy with S-1 after curative
surgery and intraperitoneal chemotherapy might have been needed 1o
continue after surgery.

Further studies are needed 1o define the most suitable regimen for
NIPS and adjuvant chemotherapy after surgery. The efficacy of neo-
adjuvant chemotherapy and intraperitoneal chemotherapy for gastric
cancer with PC should be examined in a phase I randomized clini-
cal trial.
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ABSTRACT

Background. The present study was designed to assess the
feasibility and efficiency of intraperitoneal and intravenous
neoadjuvant chemotherapy in gastric cancer patients with
peritoneal dissemination.

Methods. The .study subjects were 25 treatment-naive
patients with gastric cancer. Patients with positive cytology
or with peritoneal carcinomatosis received neoadjuvant
intraperitoneal and systemic chemotherapy (NIPS), com-
prising intraperitoneal (i.p.) mitomycin C (MMC) and
cisplatin (CDDP), followed by two cycles of intravenous
triplet chemotherapy of docetaxel, 5-fluorouracil (5-FU),
and CDDP. Gastrectomy with lymph node dissection was
performed after NIPS in patients free of peritoneal deposits,
confirmed by staging laparoscopy.

Results. Seventeen patients had measurable lymph node
metastases by the RECIST criteria. CT examination showed
response to the treatment in ten (59%, 0 complete response, 10
partial response). Of the 25 patients, 14 (56%) showed neg-
ative results on peritoneal cytology with no macroscopic
peritoneal metastasis, whereas the remaining 11 were cancer
cell-positive on peritoneal cytology or macroscopic perito-
neal metastasis even after NIPS. The median survival time for
all 25 patients was 16.7 months. Prognosis was better in
patients who showed negative cytology and disappearance of
peritoneal cancer metastases after NIPS than in those with
positive  cytology or existing peritoneal deposits
(P < 0.0001). The predominant toxicity was myelosuppres-
sion and grade 3—4 leukopenia and neutropenia occurred in 20
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(80%) patients, which were manageable. No treatment-rela-
ted mortality was observed during and after NIPS and surgery.
Conclusions. The results of this prospective phase II study
indicated that the newly designed NIPS was highly effec-
tive and well tolerated in patients with advanced gastric
cancer and peritoneal dissemination.

The prognosis of patients with advanced gastric cancer,
especially those with serosa-invading tumors, remains poor
even after curative resection, and in these cases, peritoneal
dissemination caused by free cancer cells seeded from a
primary gastric tumor is the most common type of recur-
rence.'? Cytological examination of peritoneal lavage at
laparotomy is usually performed to predict peritoneal
recurrence.”™ Most cases with positive cytology on peri-
toneal lavage develop peritoneal recurrence even in
patients without macroscopic peritoneal dissemination.*®

Recently, a multidisciplinary approach, including che-
motherapy, radiation, and surgery for advanced gastric
cancer, has been developed and its survival benefit has
been investigated worldwide.®” Furthermore, several novel
chemotherapeutic agents, including the taxans (paclitaxel
and docetaxel), irinotecan, oxaliplatin, S-1, and capecita-
bine, have shown potent effects in gastric cancer.?

These advances in chemotherapy for gastric cancer encour-
aged us to introduce neoadjuvant chemotherapy for gastric
cancer patients with poor prognosis, such as those with positive
peritoneal lavage cytology. In this study, we performed peri-
toneal lavage cytology under local anesthesia or staging
laparoscopy for patients with T3 or T4 gastric tumors diag-
nosed using multidetector row computed tomography (CT)
and three-dimensional imaging before treatment.'® Patients
with positive cytology on peritoneal lavage specimens or with
Macroscopic peritoneal metastasis were enrolled in the study.

Intraperitoneal (i.p.) chemotherapy with mitomycin C
(MMC) and cisplatin (CDDP) was reported to be safe for
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patients with T3 or T4 gastric tumors defined by preoperative
staging laparoscopy in our pilot study.'> In that study, the
toxicity of the preoperative i.p. chemotherapy was minimal
and no serious postoperative complications were observed.
A course of intravenous triplet chemotherapy of docetaxel,
S-fluorouracil (5-FU), and CDDP, which was developed by
our group, was given every 4 weeks.'® The modified triplet
regimen had been developed to reduce the severe hemato-
logical toxicities commonly encountered in the V325 phase
III study used in western countries.'” We reported that the
modified regimen was less toxic and no serious complica-
tions were observed during chemotherapy and surgery.'®
After the sequential combination chemotherapy, a second
staging laparoscopy was performed to evaluate the thera-
peutic effect for peritoneal dissemination and to decide on
the indication of surgery. The purpose of this prospective
study was to investigate the feasibility and efficacy of the
newly developed neoadjuvant triplet chemotherapy in the
setting for gastric cancer with positive peritoneal lavage
cytology and/or macroscopic peritoneal dissemination.

MATERIALS AND METHODS
Patient Selection

The eligibility criteria for entry in this study were as fol-
lows: (1) the presence of gastric cancer confirmed by
histopathology; (2) presence of positive peritoneal cytology
(PPC) or peritoneal deposits confirmed by staging laparos-
copy; (3) absence of noncurative factors, such as distant
metastasis to liver, lung, or lymph nodes except for the
peritoneal dissemination; (4) performance status [Eastern
Cooperative Oncology Group (ECOG)] < 2; (5) age
younger than 75 years; (6) no prior chemotherapy or surgery
for gastric or other cancers; (7) adequate bone marrow
function (leukocyte count > 3,000 mI™' and platelet
count > 100,000 ml™"), (8) adequate liver function (serum
bilirubin level < 1.5 mg di™' and serum transaminase lev-
els less than twice the upper limit of normal); (9) adequate
renal function (serum creatinine level < 1.5 mg di='; (10)
no other severe medical conditions, such as symptomatic
infectious disease, intestinal pneumonia, active hemorrhage/
bleeding, or obstructive bowel disease; (11) no current
pregnancy or lactation; and (12) provision of written
informed consent in accordance with government guidelines
of each institution or hospital. This study was approved by
the ethics committee of Osaka University Hospital.

Treatment Strategy

Figure 1 shows the treatment strategy followed in this
study. A staging laparoscopy or peritoneal lavage cytology

: Staging laparoscopy
} Peritoneal lavage cytology

Patients with CY1 or Pl

l ! Intraperitoneal chemotherapy |
r | with MMC + CDDP i
| Neoadjuvant chemotherapy ! Intravenous chemotherapy
t i with docetaxel, 5-FU. ;

i and CDDP »

Second staging laparoscopy ?

i

[
Surgery | | Chemotherapy
i

FIG. 1 Flow diagram of the treatment protocol. CY/ patients with
positive peritoneal cytology, PJ patients positive for macroscopic
peritoneal metastasis. MMC mitomycin C. CDDP cisplatin, 5-FU
S-fluorouracil

was performed under local anesthesia in gastric cancer
patients with serosa-invading tumors.'*  Neoadjuvant
intraperitoneal and systemic chemotherapy (NIPS) were
administered to patients with positive cytology and/or
peritoneal metastasis. Staging laparoscopy was performed
in all patients after chemotherapy, followed by gastrectomy
with lymph node dissection in patients free of macroscopic
peritoneal deposits of cancer metastasis. MMC was
administered by i.p. infusion at a dose of 20 mg/body at
day 1 and CDDP also was administered by i.p. infusion at a
dose of 20 mg/body at days 1-5."° After a 2-week recovery
period, we administered a chemotherapy combination of
docetaxel at a dose of 60 mg/m? on day 1, 5-FU at a
dose of 350 mg/m” on days 1-5, and CDDP at a dose of
10 mg/m2 on days 1-5, every 4 weeks. The intravenous
chemotherapy was repeated twice unless disease progres-
sion was observed after one cycle. All 22 patients who
underwent surgery received adjuvant chemotherapy using
5-FU and cisplatin or 5-FU derivative, S-1.

Evaluation of the Disease

Before and after NIPS with i.p. and i.v. infusion of
anticancer drugs, conventional examinations, including
multidetector row computed tomography and gastric
endoscopy were performed to assess the clinical response.
A second staging laparoscopy was conducted to evaluate
the effect of peritoneal metastasis. The tumor response of
measurable metastatic lesions was evaluated according to
the Response Evaluation Criteria in Solid Tumors (RE-
CIST) criteria.’® A complete response (CR) was defined as
the disappearance of all evidence of cancer for more than
4 weeks. A partial response (PR) was defined as more than
50% reduction in the sum of the products of the perpen-
dicular diameters of all lesions without any evidence of
new regions or progression on any lesions. Stable disease
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(SD) was defined as <50% reduction or <25% increase in
the sum of the products of the perpendicular diameters of
all lesions, without any evidence of new lesions. Progres-
sive disease (PD) was defined as >25% increase in more
than one region or the appearance of new region. The
response of the peritoneal metastasis was evaluated by
staging laparoscopy or surgery after NIPS.

Toxicities were graded according to the National Cancer
Institute Common Toxicity Criteria (NCI-CTC) Version
4.0 and recorded.

Statistical Analysis

Survival was calculated by the Kaplan—Meier method
from the initial date of the treatment to the occurrence of
the event or to the date of the most recent follow-up visit.
Univariate analysis was performed using the log-rank test,
and multivariate analysis was conducted using the Cox
proportional hazards model. P < 0.05 was considered sta-
tistically significant.

RESULTS
Clinicopathological Characteristics

Between July 2000 and June 2006, a total of 25 patients
with gastric cancer with peritoneal dissemination were

TABLE 1 Clinicopathological variables of the 25 patients enrolled
in the present study

589 £ 11.8 (31-75)*
13/12

Average age, year (range)
Male/female ratio

Tumor type

3]

Histology
Diffuse type 20
Differentiated type 5
Distant metastasis except peritoneum
Present 1 (liver metastasis)
Absent 24
Type of surgery (22 cases)
Total gastrectomy 18
With splenectomy 14
Without splenectomy 4
Distal gastrectomy 4
Lymph node dissection
D2 17
DI + =« 5

* Data are mean =+ standard deviation

enrolled in this study. Table 1 shows the clinicopatholog-
ical characteristics of the enrolled patients treated at the
Department of Gastroenterological Surgery, Osaka Uni-
versity Hospital. The patients were 13 men and 12 women
with a mean age of 58.9 (range, 31~75) years. Macro-
scopically, infiltrating-type tumors (type 3 and type 4)
accounted for 80% of the cases (20/25). Histopathologi-
cally,  undifferentiated  tumors, including poorly
differentiated and signet ring cell carcinoma were domi-
nant (20/25, 80%). Gastrectomy with lymph node
dissection was performed in 22 of the 25 patients (88%),
who showed no macroscopic peritoneal metastasis at the
second staging laparoscopy, whereas surgery was not per-
formed in the remaining 3 patients because of the presence
of macroscopic deposits of cancer nests in the abdominal
cavity. Eighteen of the 22 patients (82%) underwent total
gastrectomy and 14 underwent additional splenectomy.
Seventeen of 22 cases (77%) underwent D2 lymphade-
nectomy and 5 had D2 minus lymph nodes in the region of
hilus lienis, which was classified as D1+ alpha.

Clinical Response and Toxiciry of NIPS

After NIPS, all patients were evaluated for the clinical
response and toxicities. Of the 25 patients, 23 (92%) com-
pleted the sequence combination chemotherapy, whereas
intravenous chemotherapy for the remaining 2 patients was
withheld after one cycle due to the appearance of progressive
diseases. Seventeen of 25 patients had measurable lymph
node metastases by RECIST criteria. As shown in Table 2,
the CT scan showed that 10 of 17 (59%) displayed major
response (0 CR, 10 PR) to the treatment. Of the 25 patients,
14 (56%) showed negative results on peritoneal cytology and
no macroscopic peritoneal metastasis; the remaining 11
patients had positive results on peritoneal cytology or mac-
roscopic peritoneal metastasis after NIPS (Table 2).

Adverse events were graded according to the National
Cancer Institute-Common Terminology Criteria for

TABLE 2 Anti-tumor efficacy of neoadjuvant intraperitoneal and
systemic chemotherapy (NIPS)

RECIST criteria n %
Measurable disease 17
Overall response rate (CR + PR) 10 59
CR 0 0
PR 10 59
SD 6 35
PD 1 6
Nonmeasurable disease 8
Efficacy for peritoneal disease 25
CYO0 and PO after NIPS .14 56
CY1 or PI after NIPS 11 44
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TABLE 3 Toxicity profile of neoadjuvant chemotherapy in 25
patients (National Cancer Institute-Common Terminology Criteria for
Adverse Events Version 4.0: NCI-CTCAE ver. 4.0)

Grade 1 Grade 2 Grade 3 Grade 4

Nonhematological

Fatigue 11 (44) 2(8) 0O

Nausea 6 (24) 7 (28) 4 (16)

Diarrhea 2 (8) 2(8) 0 (0)

Alopecia 8 (32) 7 (28) 0
Hematological

Leukopenia 0 (0) 2 (8) 17 (68) 3(12)

Neutropenia 1 (4) 1@ 14 (56) 6 (24)

Anemia 10 (40) 11 (44) 0(0) 0

Creatinine 4 (16) 0(0) 0 () 0

ALT elevation 2(8) 1 (4) 1(4) 0 (0)
Data are numbers with percentages in parentheses
TABLE 4 Postoperative complications in 22 patients
Complications n (%)
Bleeding 0 0
Anastomotic insufficiency 2 9.1
Pancreatic fistula 3 13.6
Wound infection 2 9.1
Intra-abdominal abscess 2 9.1
Intestinal occlusion 0 0
Death resulting from complications 0 0
Any postoperative complication 7 31.8

Adverse Events Version 4.0 (Table 3). In 20 (80%)
patients, leukopenia and neutropenia were graded as more
than grade 3. Four patients (16%) experienced grade 3
gastrointestinal-related toxicities. However, no chemo-
therapy-related death was observed. Nineteen patients
underwent surgery during a month and three patients did
between a month and 6 weeks after recovery of NIPS.

Postoperative Complications

Among 22 patients who underwent surgery, postopera-

tive complications occurred in 7 patients (31.8%, Table 4).
Pancreatic fistula was the most frequent complication
(three patients). Anastomotic leakage, intra-abdominal
abscess, and wound infection occurred in two cases each.

Survival Rates
Figure 2a shows the overall survival time after the

introduction of NIPS in all 25 patients enrolled in this
study. The median survival time (MST) was 16.7 months.

Patients with negative cytology and disappearance of per-
itoneal cancer metastases (n = 14) after NIPS had a
significantly better prognosis than those with positive
results of cytology or peritoneal deposits (MST 27.1 vs.
9.6 months; P < 0.0001; Fig. 2b). Patients who showed
major response in metastatic lymph nodes (n = 10) also
had a significantly better prognosis than those without
major response (n = 7, P = 0.0173; Fig. 2c). Figure 2d
shows no significant difference between the prognosis of
patients with measurable lymph node metastases and those
without measurable disease.

DISCUSSION

In this study, we conducted a prospective phase II study
to evaluate the feasibility and efficacy of the neoadjuvant
intraperitoneal and systemic chemotherapy, named NIPS,
for gastric cancer patients with peritoneal dissemination of
cancer cells. After NIPS, 14 (56%) of 25 patients showed
negative results on peritoneal cytology, no macroscopic
peritoneal metastasis, and had a remarkably better prog-
nosis than those with positive results of cytology or
peritoneal deposits (Fig. 2b). Although frequent hemato-
toxicities were observed in NIPS, they were controllable by
specialized oncologists. Furthermore, no chemotherapy-
related severe morbidity and mortality were observed.
Twenty-two (88%) patients underwent gastrectomy with
lymphadenectomy. Total gastrectomy (82%) with D2
lymphadenectomy (77%) was the main surgical approach.
Postoperative complications were observed in 32%, which
is comparable with previous reports of surgery after neo-
adjuvant chemotherapy, and no surgery-related mortality
was observed.'®?® These results indicate that NIPS is
feasible and effective for gastric cancer patients with per-
itoneal dissemination.

Multicenter phase III trials have been conducted in
gastric cancer and the effects of postoperative adjuvant
chemoradiotherapy and perioperative chemotherapy have
been demonstrated.®” Furthermore, adjuvant chemotherapy
with S-1, an oral fluoropyrimidine (Taiho Pharmaceutical),
has an affirmative effect on locally advanced gastric can-
cer.”! Although the effect of neoadjuvant chemotherapy on
gastric cancer has been studied in several phase II trials,
definite conclusions have not been made because of
insufficient statistical power and high rate of surgical
complications.'®**?* However, preoperative chemotherapy
may have some advantages, such as the delivery of anti-
tumor agents may be more efficient if administered before
surgical disruption of the vasculature, tumor down-staging
may increase the rate of complete surgical resection, and
preoperative chemotherapy can be used to evaluate
chemosensitivity of drugs.
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FIG. 2 a Overall survival of 25
patients enrolled in this study.
MST mean survival time.

b Overall survival according to
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Because the prognosis of patients with gastric cancer
and peritoneal dissemination is very poor, surgery is not the
standard therapy except for patients who require palliative
surgery for related symptoms, such as bleeding and
obstruction. Several recent retrospective studies have ana-
lyzed the effects of neoadjuvant chemotherapy in gastric
cancer patients with peritoneal seedlings and/or PPC.
Badgwell et al. retrospectively analyzed and concluded that
the prognosis of gastric cancer patients with PPC without
gross peritoneal diseases was almost similar to that of
patients with gross peritoneal disease at preoperative
staging laparoscopy.24 They also reported improvement of
prognosis in patients with PCC but without gross peritoneal
disease after neoadjuvant chemotherapy compared with a
palliative approach. Lorenzen et al. assessed peritoneal
cytology before and after neoadjuvant chemotherapy
(NAC) and its relation to prognosis.® They concluded that
some patients with PPC show negative peritoneal cytology
after NAC and subsequent improvement of prognosis,
although almost 25% of the patients with negative cytology
became positive after NAC, which might be a risky strat-
egy. Okabe et al. retrospectively analyzed the effect of
induction chemotherapy with S-1 plus cisplatin, which is
the standard chemotherapy in Japan, for patients with
peritoneal dissemination.”**® In that study, 19 (46 %) of
41 patients treated with induction chemotherapy showed
disappearance of peritoneal dissemination and negativity
of peritoneal cytology and had a curative operation.
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Furthermore, the prognosis of patients with R0 resection
was significantly better than that of patients who underwent
noncurative resection.”’

To our knowledge, our study is the first prospective phase
IT study on neoadjuvant chemotherapy for gastric cancer
with peritoneal disease. We introduced i.p. administration of
antitumor drugs combined with systemic chemotherapy.
The i.p. chemotherapy was selected to enhance antitumor
activity against peritoneal metastasis by maintaining a high
concentration of the drug in the peritoneal cavity during a
long period of time, and its clinical effects have been verified
by a number of convincing clinical trials in ovarian can-
cer.””?® Recent studies also have examined the effects of 1.p.
administration of taxans, such as paclitaxel and docetaxel, in
patients with gastric cancer and peritoneal dissemination
because long-term high concentrations of taxans in the
peritoneal cavity could be achieved.?**® Further studies are
needed to define the most suitable regimen for NIPS. Fur-
thermore, the utility of NAC and i.p. chemotherapy for
gastric cancer with peritoneal dissemination should be
examined by phase III randomized clinical trial.
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REGIVR! as a Potential Biomarker for Peritoneal Dissemination
in Gastric Adenocarcinoma
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Background: This study examined the clinical significance of regenerating islet-derived family member 4 (REGIV) in surgically resected
gastric tumors. The potential of REGIV as a biomarker in gastric cancer was also assessed including its predictive value for prognosis and
recurrence after surgery.

Method: s Immunohistochemistry was performed to assess the clinical significance of REGIV expression status in surgically resected speci-
mens. The quantitative genetic diagnostic method, transcription-reverse transcription concerted reaction (TRC) that targeted REGIV mRNA
was applied for prediction of peritoneal recurrence in gastric cancer.

Results: Positive immunostaining for REGIV was observed in 85 cases (52.5%), and correlated significantly with diffuse type histopathology
(P = 0.001), advanced T stage (P = 0.022), and frequent peritoneal recurrence (P = 0.009). Multivariate analysis identified advanced
T stage (P < 0.001) and REGIV expression (P = 0.034) as independent prognostic factors for peritoneal recurrence-free survival. Over-
expression of REGIV protein was evident in the majority of peritoneal tumors (93.8%). REGIV mRNA assessed by TRC could be a predic-
tive marker for peritoneal recurrence after curative operation.

Conclusions: REGIV overexpression is common in primary gastric tumors and a potentially suitable marker of diffuse type histopathology
and peritoneal dissemination. Overexpression of REGIV mRNA, assessed by the TRC method, is a potentially suitable marker of peritoneal

recurrence after curative resection.
J. Surg. Oncol. 2011;9999:1-6. © 2011 Wiley-Liss, Inc.
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INTRODUCTION

The incidence of gastric cancer has decreased worldwide and par-
ticularly so in Western countries. Despite this, it remains the fourth
most common cancer and the second most common cause of cancer-
related death {1,2]. The prognosis of patients with advanced gastric
cancer, especially those with serosa-invading tumors, remains poor
even after curative operation. In such cases, peritoneal dissemination
due to seeding of free cancer cells from the primary gastric cancer is
the most common type of spread [3-5). The identification of suitable
biomarkers to predict peritoneal recurrence and prognosis is there-
fore important to advance the treatment of patients with gastric
cancer.

Regenerating islet-derived family member 4 (REGIV) belongs to
a superfamily of calcium-dependent lectins [6]. REGIV is expressed
in various normal tissues including the stomach, colon, small intes-
tine, and pancreas [7,8], and is overexpressed in various tumors such
as gastric, colorectal, pancreas, prostate, and gallbladder cancers [7-
11]. Overexpression of REGIV was shown in colorectal adenomas
with severe dysplasia and adenocarcinoma, indicating the involve-
ment of REGIV in the early stages of colorectal carcinogenesis [12].
REGIV protein expression was also reported in goblet cells of intes-
tinal metaplasia and goblet-like cell vesicles of gastric cancer, impli-
cating REGIV in the differentiation of stomach cancer. A recent in
vitro study further showed that the carbohydrate-recognition domain
of REGIV protein is critical for colorectal cell migration and inva-
sion [13]. Several studies have identified REGIV as a potent activator

© 2011 Wiley-Liss, Inc.

of epidermal growth factor receptor (EGFR)/Akt/activator protein-1
(AP-1). Furthermore, colon cancer cells treated with recombinant
REGIV showed increased expression of Bcl-2, Bel-x1, and survivin,
suggesting a role in the inhibition of apoptosis [14-16]. Finally,
REGIV expression also correlated significantly with resistance to
combination chemotherapy with 5-fluorouracil (5-FU) and cisplatin
[15]. Despite these data linking REGIV and human cancers, the pre-
cise biological function of REGIV overexpression in human cancer
remains unclear.

In this study, we examined the expression of REGIV protein in
gastric cancer tissues and assessed the correlations between REGIV
expression and clinicopathological characteristics. The results
showed that overexpression of REGIV protein correlated significant-
ly with diffuse type histopathology and peritoneal recurrence after
surgery. Furthermore, REGIV overexpression was observed in most
peritoneal disseminated tumors obtained by surgery or staging
laparoscopy. We introduce a novel, rapid, and quantitative genetic
diagnostic technique that targets REGIV mRNA and called it the
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transcription-reverse transcription concerted reaction (TRC) to detect
occult cancer cells in the peritoneal cavity of patients with gastric
cancer. In another study, we assessed the clinical significance of the
molecular diagnosis and examined the association between REGIV
expression and chemoresistance to the combination chemotherapy of
S-1 plus cisplatin, which is a standard regimen for gastric cancer in
Japan [17].

MATERIALS AND METHODS
Patients and Specimens

‘We obtained gastric cancer tissues from 162 patients who under-
went gastrectomy at the Department of Gastroenterological Surgery,
Osaka University Hospital between 2000 and 2008. All tumors were
confirmed as gastric adenocarcinoma by histopathological examina-
tion. The patients comprised 115 males and 47 females, aged 34-92
years (median, 66 years). Table I lists the characteristics of patients
registered in this study. The pathological features were classified
based on the 13th edition of the Japanese Classification of Gastric
Cancer [18]. Sixteen peritoneal disseminated tumors were obtained
from patients by surgery or staging laparoscopy and the correspond-
ing 15 primary tumor specimens were also obtained from patients by
surgery or upper gastrointestinal endoscopy. Twenty specimens biop-
sied during upper gastrointestinal endoscopy and three surgically
resected tumor specimens were also obtained from patients treated
with the combination chemotherapy of S-1, 5-FU derivative, and cis-
platin [17]. The expression of REGIV mRNA by TRC in peritoneal
lavage specimens of 95 patients was examined to test for correlation
between TRC and cytology. Of those sampled, 50 patients who
received no neoadjuvant chemotherapy and whose peritoneal lavage
cytology was diagnosed as negative were assessed for further surviv-
al analyses.

Evaluation of Clinical Response to Chemotherapy

Before and after chemotherapy with S-1 plus cisplatin, conven-
tional examinations including multidetector row computed tomogra-
phy and gastric endoscopy were performed to assess the clinical
response. The tumor response of measurable metastatic lesions was
evaluated according to the Response Evaluation Criteria in Solid
Tumors (RECIST) [19]. A complete response (CR) was defined as
the disappearance of all evidence of cancer for more than 4 weeks.

A partial response (PR) was defined as more than 50% reduction in
the sum of the products of the perpendicular diameters of all lesions
without any evidence of new regions or progression on any lesions.
Stable disease (SD) was defined as less than a 50% reduction or less
than a 25% increase in the sum of the products of the perpendicular
diameters of all lesions, without any evidence of new lesions. Pro-
gressive disease (PD) was defined as a more than 25% increase in
more than one region or the appearance of new regions.

Immunohistochemical Analysis

REGIV protein expression was evaluated by immunohistochemi-
cal (IHC) analysis of 4-pum thick sections from 10% formalin-fixed
and paraffin-embedded blocks. For IHC staining, tissue slides were
deparaffinized in xylene, and then rehydrated through a graded etha-
nol series. For antigen retrieval, slides were autoclaved in 10 mM
citrate buffer (pH 6.0) at 121°C for 10 min. Endogenous peroxidase
activity was blocked by incubation in 0.3% hydrogen peroxide in
methanol for 20 min, and then nonspecific binding was blocked in
10% normal serum for 20 min. The sections were then incubated
overnight at 4°C in a moist chamber with anti-REGIV antibody
(dilution 1:50; R&D Systems, Minneapolis, MN). The sites of anti-
body binding were visualized with the ABC peroxidase detection
system (Vector Laboratories, Burlingame, CA). Finally, the sections
were incubated in 3,3'-diaminobenzidine tetrahydrochloride with
0.05% H,0, for 3 min and counterstained with 0.1% hematoxylin.
The percentage of cancer cells stained with the antibody was evalu-
ated. The presence of REGIV protein was judged as positive if more
than 10% of the total observed cancer cells were positively stained;
any less was judged as negative.

RNA Extraction

Total cellular RNA was extracted from cell pellets of peritoneal
lavage fiuid samples and cancer cell lines using TRIZOL reagent
according to the manufacturer’s protocol. In brief, the cell source
mixture was minced using disposable homogenizers (JIEDAT,
Tokyo, Japan), mixed with 0.2 ml chloroform, and then centrifuged
at 12,000g for 15 min. The supernatant was transferred to a fresh
tube and mixed with 0.5 ml 100% isopropy! alcohol. After incuba-
tion for 10 min at room temperature, RNA was precipitated by
centrifugation, washed with 75% ethanol, and then diluted with
diethyl pyrocarbonate (DEPC)-treated water.

TABLE I. Relationship Between REGIV Expression and Various Clinicopathological Characteristics in Patients With Gastric Cancer (n = 162)

REGIV
n Negative Positive P-value

Age <70/>70 99/63 45/32 54/31 0.507
Gender (M/F) 115/47 55122 60/25 0.906
Histological type

Differentiated 77 47 30 0.001

Undifferentiated 85 30 55
pT TI/T2/T3/T4 27/82/48/5 19/34/20/4 8/48/28/1 0.022
pN NO/N1/N2/N3 72/55/33/2 37/26/1212 35/29/21/0 0.232
pStage VIVII/IV 61/41/51/9 34/18/19/6 27/23/32/3 0.148
Cytology (negative/positive) 157/5 7512 82/3 0.497
Lymph node recurrence (negative/positive) 152/10 73/4 79/6 0.623
Liver recurrence (negative/positive) 146/16 64/13 79/6 0.052
Peritoneal recurrence (negative/positive) 144/18 74/3 71/14 0.009

pStagel includes pStagelA and pStagelB.

pStagelll includes pStagellIA and pStagellIB according to the 13th edition of the Japanese Classification of Gastric Cancer.
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Sequences of Primers and Probes for TRC

Synthetic oligonucleotide sequences of a pair of primers, a scis-
sors probe for TRC amplification, and an intercalation-activating
fluorescence (INAF) probe for detection of REGIV mRNA are listed
in Table II. Numbers in parentheses indicate the corresponding
position of the target genome sequences (Gene Bank Accession
NM_032044.2). Sequences of the promoter primers indicated in
italics are the T7 RNA polymerase-binding sequences. The primers,
a scissors probe, and the INAF probe were designed to bind to the
secondary-structure-free sites of REGIV mRNA. The INAF probe is
a DNA oligonucleotide linked with an intercalating fluorescence dye,
oxazole yellow. The 3'-OH end of the scissors probe and INAF probe
was capped with an amino group and glycolic acid, respectively, to
avoid undesired enzymatic elongation by the Avian Myeloblastosis
Virus (AMV) reverse transcriptase reaction. Synthetic oligonucleoti-
des of primers and the scissors probe were provided by Sawady
Technology (Tokyo, Japan). Synthesis of the INAF probe for REGIV
amplicons was performed as described previously [20].

TRC Reaction

The TRC reaction was conducted as described previously [20]. In
brief, 20 ul of the TRC buffer was added to 5 1l of the RNA extract
in a thin-wall PCR tube, followed by the addition of 5 ! of enzyme
mix. The tube containing the mixture was closed and set in a dedi-
cated instrument, the “TRC monitor,” to measure the fluorescence
intensity of the reaction mixture incubated at 44°C (excitation wave-
length 470 nm, emission wavelength 520 nm).

Real-Time Monitoring of TRC Reaction

The “TRC monitor” was constructed on a round incubator block
and rotating fluorescence scanning unit {20]. The temperature of the
incubator block was controlled at optimal TRC conditions (44°C)
and 32 thin-wall PCR tubes were installed and set in a circle. These
were assembled into 1 U to enable synchronous scanning of the
fluorescence while irradiating the tube. The LED turns like a beacon
to irradiate the excitation light of 470 nm into a tube from outside.
The fluorescence (520 nm) is then transferred from the bottom of the
tube to a photomultiplier through a light guide.

TABLE IL Synthetic Oligonucieotide Sequences of a Pair of Primers, a
Scissors Probe for Amplification, and an INAF Probe for Detection of
REGIV mRNA in the TRC Reaction

Scissors probe (68-93)

26 base antisense
S-TATATCTTCTTGCCTCAGGAATTAAT-3
Forward primer (83-106)

45 base sense
5-CTAATACGACTCACTATAGGGAAGAAGATATAAAAGCTCCAGAAA-3
Reverse primer (168-194)

27 base antisense
5-GGGTTCTCCTTGATCTGCAAATCTGTT-3
INAF probe (147-166)

20 base antisense
5-GGCAACCAAGACTCTAAGGG-3

INAF, intercalation activating fluorescence; TRC, transcription-reverse tran-
scription concerted reaction.

Numbers in parentheses indicate the corresponding position of the target ge-
nome sequences. The sequence indicated by the italicized letters of the pro-
moter primers is the T7 RNA polymerase-binding sequence.
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Statistical Analysis

Statistical analysis was performed with JIMP® software (JMP ver-
sion 8.0.2, SAS Institute, Cary, NC). The associations of REGIV
expression with the patients’ clinicopathological features were
assessed by the chi-squared test. Disease-free survival (DFS) and
overall survival (OS) were assessed using the Kaplan-Meier method
and compared by the log-rank test. Multivariate survival analysis
was performed on all parameters that were found to be significant
by univariate analysis using the Cox proportional hazard model.
P-values <0.05 were considered significant.

RESULTS

REGIV Protein Expression in
Gastric Cancer Tissues

The expression of REGIV was investigated in 162 cases of gastric
adenocarcinoma by IHC. Of these, 85 cases (52.5%) were considered
positive for REGIV, which was detected mainly in the cytoplasm of
tamor cells (Fig. 1A). The remaining 77 cases (47.5%) showed nega-
tive staining (Fig. 1B). The positive cells for REGIV were detected
in various areas of the formed tumor including the surface, central,
and deepest areas of the gastric wall.

Correlations Between REGIV Expression
and Clinicopathological Parameters

Table II shows the correlations between REGIV overexpression
detected by IHC and various clinicopathological parameters for the
162 patients with gastric cancer. The proportion of REGIV-positive
cases was significantly higher with diffuse type histology, advanced
pathological T stage, and frequent peritoneal recurrence, and
REGIV-positive cases tended to harbor infrequent liver metastasis
(P = 0.052). Other parameters listed in Table II (age, gender, patho-
logical N stage, pathological S stage, and lymph node metastasis)
showed no significant correlation with REGIV expression.
However, REGIV overexpression did not correlate with recurrence-
free survival, but was significantly associated with poorer peritoneal
recurrence-free survival and tended to be associated with better
recurrence-free survival at sites other than the peritoneum (Fig. 2A-C).

Prognostic Significance of REGIV Expression
for Peritoneal Recurrence

Univariate analysis by Cox’s proportional hazard model identified
several clinicopathological parameters as significant predictors
of prognosis (Table III), namely pathological T stage, pathological
N stage, and REGIV expression (HR = 8.773, HR = 4.440, and
HR = 4.113, respectively; Table III). However histological type was
not a significant prognostic factor (HR = 2.253). Multivariate analy-
sis that included all the above significant parameters identified patho-
logical T stage and REGIV expression as significant independent
prognostic predictors (HR = 6.359 and HR = 3.362, respectively;
Table III).

Expression of REGIV in Peritoneal
Metastatic Tumors

Subsequent IHC analysis of REGIV expression in 16 peritoneal
tumors metastasized from gastric cancer revealed 15 (93.8%)
with overexpressed REGIV (Fig. 1C). Furthermore, 14 out of 15
corresponding primary tumors that overexpressed REGIV protein in
peritoneal metastasis showed overexpression of REGIV (Fig. 1D).
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o

Fig. 1. Immunohistochemistry for REGIV protein in gastric cancer tissues. A: Representative positive staining for REGIV in primary tumor.
B: Representative negative staining for REGIV in primary tumor. C: Representative positive staining in endoscopically biopsied specimen
from primary tumor. D: Representative positive staining in peritoneal metastatic tumor.
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Fig. 2. Survival analysis according to REGIV expression in primary gastric cancer. A: Overall survival. B: Peritoneal recurrence-free
survival. C: Recurrence-free survival outside of peritoneal sites.
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TABLE III. Result of Univariate and Multivariate Survival Analyses of Peritoneal Recurrence-Free Survival by Cox’s Proportional Hazard Model

(n = 162)
n HR 95% CI P-value
Univariate survival analysis
Age (>70/<70) 63/99 0.613 0.172~1.741 0.378
Gender (female/male) 47/115 0.675 0.190-1.909 0.477
Histological type (undifferentiated/differentiated) 85177 2.253 0.836-7.082 0.111
pT(3-4/1-2) 53/109 8.773 3.096-31.205 <0.001
pN(1-3/0) 90/72 4.440 1.445-19.286 0.008
Cytology (positive/negative) 5/157 3.478 0.191-17.509 0.303
ReglV expression (positive/negative) 85/77 4.113 1.342-17.842 0.011
Multivariate survival analysis
pT(3-4/1-2) 53/109 6.359 2.157-23.404 <0.001
N(1-3/0) 90/72 2.226 0.687-10.012 0.195
ReglV expression (positive/negative) 85/77 3.362 1.089-14.641 0.034

HR, hazard ratio; 95% CI, 95% confidence interval.

Correlations Between REGIV Protein Expression and
Efficacy of Chemotherapy With S-1 Plus Cisplatin

Twenty preoperative specimens were biopsied by upper gastroin-
testinal endoscopy and 3 were surgically resected from patients
subjected to combination chemotherapy of S-1 plus cisplatin [17].
There was no significant correlation between REGIV expression
in these specimens and the effect of chemotherapy (CR + PR vs.
SD + PD) in these cases.

TRC Analysis of Peritoneal Lavage Samples
for REGIV mRNA

Finally, we examined the expression of REGIV mRNA by TRC
in peritoneal lavage specimens of 95 patients to test for correlation
between TRC and cytology. Of those sampled, 50 patients who re-
ceived no neoadjuvant chemotherapy and whose peritoneal lavage
cytology was diagnosed as negative were assessed for survival analy-
ses. Table IV shows the correlative results, with 24 (96.0%) out of
25 cytology-positive specimens and 12 (17.1%) out of 70 cytology-
negative specimens showing a positive TRC diagnosis. Figure 3
shows the comparative OS statistics for patients with gastric cancer
after curative resections according to the TRC diagnosis for REGIV
from peritoneal lavage specimens. Peritoneal recurrence-free survival
in patients with positive TRC was significantly worse than in patients
with negative TRC, although OS was not significantly different
between the groups.

DISCUSSION

The present study indicated overexpression of REGIV protein
in 52.5% of gastric cancers examined and identified an association
between this expression and diffuse-type histopathology, tumor pro-
gression (advanced pT status), and frequent peritoneal recurrence.
Furthermore, the REGIV overexpresssion was significantly associated

TABLE IV. Relationship Between TRC and Cytology for Peritoneal
Lavage Specimens in Patients With Gastric Cancer (n = 95)

TRC
Negative Positive Total
Cytology
Negative 58 12 (17.1%) 70
Positive 1 24 (96.0%) 25
Total 59 36 95

Journal of Surgical Oncology

with poorer peritoneal recurrence-free survival, although with no
other type of recurrence-free survival in gastric cancer patients. The
clinical significance of REGIV overexpression in gastric cancer is
controversial. Oue et al. [7] reported REGIV overexpression in about
30% of gastric adenocarcinomas, in a significant association with
poorly differentiated gastric cancer, although they found no associa-
tions with T status, N status, or pathological stage. In another study
of 63 gastric cancer tumors, Yamagishi et al. [21] observed REGIV
overexpression in 49% of cases, but found no relationship with any
clinicopathological features including histology, lymph node meta-
stasis, and clinical stage. In the study overexpression of REGI alpha,
one of REG family, but not REGIV was an independent prognostic
factor.

Mitani et al. [15] reported that REGIV expression correlated sig-
nificantly with resistance to combination chemotherapy with 5-FU
and cisplatin. However, in our study, there was no significant correla-
tion between REGIV expression and the effect of combination
chemotherapy with a 5-FU derivative, S-1, and cisplatin.

The present study showed for the first time that REGIV overex-
pression was common in peritoneal metastatic tumors obtained dur-
ing surgery or through staging laparoscopy (15/16, 94%), although
REGIV protein was expressed in only 52.5% of primary tumors.
These results suggested that REGIV overexpression could provide a
biomarker for peritoneal dissemination in gastric cancer. Kuniyasu
et al. [16] demonstrated that REGIV-transfected gastric cancer cell
lines showed increased levels of BCL-2, BCL-XL, survivin, phos-
phorylated AKT, and phosphorylated EGFR, while peritoneal dis-
semination mouse models inoculated with REGIV-transfected gastric
cancer cells showed increased number and size of peritoneal tumors
and lower survival rates compared to untransfected controls. These
authors also examined REGIV protein in peritoneal lavage samples
obtained from gastric cancer surgery by immunoblot assay and
showed that a REGIV-positive peritoneal lavage might be a good
marker for peritoneal dissemination. In addition, REGIV mRNA
expression assessed by quantitative RT-PCR was shown to be a
sensitive predictive marker for peritoneal dissemination in gastric
cancer [22]. However, RT-PCR procedures are complicated and
time-consuming, thus further refinements are required for the
clinical application of molecular diagnostic techniques for REGIV
expression.

We reported previously a novel method of quantitative genetic
diagnosis using the TRC reaction system for detection of cancer
micrometastasis and prediction of cancer recurrence in patients with
gastric cancer [23]. The method amplifies and measures a cancer-
specific mRNA in a single tube at constant temperature (no thermal
cycling) and with only three steps: denaturing, annealing, and exten-
sion for PCR. The single temperature reaction is likely to be more
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stable and more accurate with respect to quantification. Another ad-
vantage is that this method amplifies RNA directly, avoiding the
need for reverse transcription to convert RNA to ¢cDNA prior to am-
plification. These advantages may allow the establishment of more
reliable and practical genetic diagnosis of cancer micrometastasis.
We reported previously on TRC using carcinoembryonic antigen
(CEA) as a biomarker marker for the early detection of peritoneal
recurrence after gastric cancer surgery [23]. However, CEA is not a
cancer-specific marker and some regions in gastric tumors show no
expression of CEA. Additional markers will therefore improve the
sensitivity and specificity of our TRC method for predicting perito-
neal recurrence following gastric cancer treatment. Our analyses in
this study implicated TRC for REGIV as a potential molecular diag-
nostic method for predicting peritoneal dissemination in advanced
gastric cancer in a simple and rapid manner.

In conclusion, we identified REGIV overexpression in peritoneal
dissemination of advanced gastric cancer and that the detection of
REGIV mRNA in peritoneal lavage fluid by TRC could be a predic-
tor of peritoneal recurrence after curative gastrectomy. Overexpres-
sion of REGIV could become a predictor of peritoneal recurrence,
although further studies will be needed in a larger population.
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