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Apop-1, a Novel Mitochondrial Protein, May Enhance the Production of Mitochondrial Reactive Oxy-
gen Species by Glucose Treatment in Endothelial cells

Mami KAWABATAY, Yukihiro TAKEMURA¥, Rumi FUKADA?,
Haruna YAMAMOTO?, Osamu YASUDAYand Keisuke FUKUOW

Y Administ Food Siences and Nutrition Major, Graduate School of Human Environmental Sciences, Mukogawa Women's University
?Department of Food Sciences and Nutrition, School of Human Environmental Sciences, Mukogawa Women's University
$'Department of Geriatric Medicine, Osaka University Graduate School of Medicine
YDepartment of Cardiovascular Clinical and Translational Research, Kumamoto University Hospital

Accumulating evidence shows that mitochondria-derived reactive oxygen species (ROS) play an important role in
the genesis of diabetes mellitus as well as apoplosis and ageing. However, the molecular mechanism of ROS produc-
tion from the mitochondria remains unclear. Here, we examined whether Apop-1, a novel mitochondrial protein, par-
ticipates in the induction of mitochondria-derived ROS production by glucose treatment in endothelial cells. Glucose
treatment induced an increase in the levels of mitochondria-derived ROS and mitochondrial dysfunction in these cells.
N-acetylcysteine (NAC): however, inhibited glucose-induced mitochondrial dysfunction. Apop-1 protein expression
was up-regulated by glucose treatment and siRNA-mediated knockdown of the expression of Apop-1 protein signifi-
cantly reduced glucose-treated mitochondria-derived ROS levels in endothelial cells. These results suggest that Apop-

1 may be involved in the pathogenesis of diabetes mellitus by up-regulating ROS production from the mitochondria in
endothelial cells.

Key words:  Apop-1, mitochondria, reactive oxygen species, endothelium
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ORIGINAL ARTICLE

Survival Analysis of Patients With Duodenal
Gastrointestinal Stromal Tumors

Yuichiro Miki, MD,* Yukinori Kurokawa, MD, PhD* Motohiro Hirao, MD*
Kazumasa Fujitani, MD,* Yoko hwasa, MD,t Masavuki Mano, MD,t Shoji Nakamori, MD,*
and Toshimasa Tsujinaka, MD*

Goals: To evaluate the survival characteristics of patients with
duodenal gastrointestinal stromal tumors (GISTs).

Background: GISTs represent the most common mesenchymal
neoplasms. However, duodenal GISTs are relatively rare, and few
studies have been performed with a focus on duodenal GISTs.

Study: We collected the data of 41 GIST patients including
7 duodenal cases. Clinicopathologic findings and recurrence-free
survival (RFS) of duodenal GIST patients were analyzed.

Results: The proportion of having any symptoms was 86% in
duodenum, 32% in stomach, and 56% in other GISTs (P = 0.034).
and the most common symptoms of duodenal GISTs were melena
and anemia. The 2-year RFS rates were 51.4% in duodenal GISTs,
78.4% in stomach GISTs, and 100% in other GISTs, and duodenal
GISTs showed poorer RFS than nonduodenal GISTs (hazard
ratio, 5.1; log-rank P =0.019). Particularly, in low-risk and
intermediate-risk group. the hazard ratio of recurrence was 12.3
(log-rank P = 0.010). Multivariate Cox analysis showed symptom
(P = 0.007), mitotic index (P = 0.011), and tumor location (P = 0.043)
were significant prognostic factors of recurrence.

Conclusions: RFS of duodenal GISTs was worse than nonduodenal
GISTs.

Key Words: duodenum, GIST. RFS, survival
(J Clin Gastroenterol 2010:44:97-101)

astrointestinal stromal tumors (GISTs) represent the

most common mesenchymal neoplasms arising within
the gastrointestinal tract. These tumors are thought to
share a common progenitor cell with the interstitial cells
of Cajal, and usually have activating mutations in either
c-kit (75% to 80%) or platelet-derived growth factor
receptor & (PDGFRA) (5% to 10%), 2 closely related
receptor tyrosine kinases.! These mutations lead to ligand-
independent activation and signal transduction mediated by
constitutively activated KIT or PDGFRA. This theory was
first proposed by Kindblom et al” and Hirota et al® revealed
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an association between the presence of c-kit mutation and
tumor development.

GISTs can arise anywhere in the gastrointestinal tract,
but their most frequent locations are the stomach (60%)
and the small intestine (25%). Duodenal GISTs are
relatively rare and comprise about 5% of surgically resected
GIST cases.** Earlier studies have reported that duodenal
GISTs were larger than stomach GISTs, and that their
most frequent locations were the second and third portions
of the duodenum.® Owing to the unique and complex
anatomy of the duodenum, complete resection of duodenal
GISTs sometimes requires wide resection methods such as
pancreaticoduodenectomy.® which is rarely the case for
GISTs in other locations. Only few reports about the
characteristics of duodenal GISTs have been published
earlier,”® and few studies have been performed a survival
analysis of patients with duodenal GISTs. From August
1993 to January 2008, we encountered 41 GIST cases of
which 7 were duodenal GISTs. Here we conduct a
retrospective cohort study to evaluate the survival char-
acteristics of duodenal GISTs.

PATIENTS AND METHODS

Patients

We retrospectively reviewed the records of all patients
with GISTs treated at the Osaka National Hospital
between August 1993 and January 2008. The diagnosis of
GISTs was conducted by histologic examination, immuno-
histochemical staining for KIT and CD34, and detection of
¢-kit or PDGFRA mutations.

Data on patients’ age. sex, tumor location, symptoms,
pathologic findings. c-kit and PDGFRA mutations, treat-
ment, and survival outcome were collected. Tumor size was
defined as the largest diameter of the primary tumor in any
dimension. Pathologic data included mitotic index and
results of immunohistochemical staining for KIT and CD34.
Treatment data included type of resection and adjuvant
treatment. Tumor size and mitotic index were used for risk
classification according to the Fletcher score.!® However, in
this study, we combined low-risk and intermediate-risk
patients in the survival analysis because “low-risk™ has not
been defined for duodenal GISTs.

Statistical Analysis

Associations between tumor location and clinico-
pathologic variables were analyzed using the y* test.
Recurrence-free survival (RFS) was defined as the time
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TABLE 1. Characteristics of 7 Patients With Duodenal GISTs

Mitotic

Location of Index
Age Clinical  Duodenal Size Adjuvant (per C-Kit Risk
(¥y) Sex Symptom GIST (mm) Operation Therapy KIT CD34 S0HPF) Mutation Classification
64 F Melena Second part 60 Gastrojejuncstomy - - - <3 Exon 11 Intermediate
58 F Melena Second part 70 Pancreaticoduodenectomy - + + <35 NA Intermediate
70 F Abdominal Fourth part 150 Partial duodenal resection + + + <3 Exon 13 High

mass

67 F Absent First part 60 Partial duodenal resection - + + <5 Exon 1} Intermediate
39 F Melena First part 120 Partial duodenal resection - + + 5-10 Exon 11 High
65 M  Anemia Second part 30 Partial duodenal resection - + NA 5-10 Exon 9 Intermediate
75 F Anemia Second part 40 Pancreaticoduodenectomy - + - > 10 Exon 11 High

GISTs indicates gastrointestinal stromal tumors: HPF, high-power field: F. female: M. male: NA. not analyzed.

from surgery to either the first recurrence or death from any
cause. RFS curves were estimated by the Kaplan-Meier
method and compared using the log-rank test. Multivariate
Cox regression analyses were performed to adjust for the
potential confounding factors whose P values were under
0.2 in univariate analyses. All statistical analyses were
performed with SPSS software, version 15.0J. P values less
than 0.05 were considered statistically significant. and all
tests were 2-sided.

RESULTS

Patient Characteristics

Forty-one patients with GISTs were admitted for
treatment to Osaka National Hospital between August
1993 and January 2008. and of these 7 patients (17%)
were diagnosed with duodenal GISTs (Table 1). Six of the
7 duodenal GIST patients were female. The second portion
of the duodenum was most frequently affected, which is of
significance because of the need for pancreaticoduodenect-
omy if the tumor is located on the same side of intestine as
the Papilla Vater. For 1 duodenal GIST patient. we could
not perform radical surgery because of severe patient’s
general condition, whereas the other duodenal GIST
patients received complete gross resection. Postoperative
complications occurred in 3 of 7 duodenal GIST patients.
These complications included pancreatic fistula. and intra-
abdominal abscess, but none of the patients died within
1 month after surgery. Only 1 patient received adjuvant
chemotherapy after surgery. One patient showed immuno-
histochemical staining of neither c-kit nor CD34. Six cases
had c-kit mutations; 4 for exon 11, I for exon 9. and 1 for
exon 13. The numbers of intermediate-risk and high-risk
patients were 4 (57%) and 3 (43%), respectively.

We compared patients with duodenal GISTs to those
with stomach GISTs and other GISTs (Table 2). Among 9
patients with other GISTs, 4 were found in rectum and in
small intestine, and 1 in omentum. There were no statistical
differences in clinicopathologic factors except for clinical
symptoms and CD34 positivity. With regard to immuno-
histochemical findings, the KIT-positive rate was similar in
duodenal and other GISTs. whereas the CD34-positive rate
was lower in duodenal GISTs (P = 0.049). Although over
30% patients with stomach GISTs were classified as low-
risk, there were no low-risk patients among the duodenal
and other GIST groups.

Of patients with duodenal GISTs, 86% had symp-
toms, whereas 32% of patients with stomach GISTs, and

98 | www.jcge.com

56% of those with other GISTs were affected; this
difference was statistically significant (P = 0.034). Five of
6 symptomatic patients with duodenal GISTs had melena
or anemia, whereas a half of symptomatic patients with
stomach GISTs complained of epigastralgia (Table 3).

TABLE 2. Comparison of Characteristics Among Duodenal GISTs,
Stomach GISTs, and GISTs in Other Locations

Duodenum Stomach Other
R=7) (m = 25) m=9 P
Age (y) 0.50
Median 65 (39-75) 67 (48-82) 59 (43-86)
(range)
Sex 0.10
Male 1 (14%) 13 (52%) 2 (22%)
Female 6 (86%) 12 (48%) 7 (78%)
Clinical Symptom 0.034
Absent 1(14%) 17 (68%) 4 (44%)
Present 6 (86%0) 8 (32%) 5 (56%)
Immunohistochemistry
KIT 0.53
Positive 6 (86%) 22 (88%) 9 (100%)
Negative 1 (14%) 3(12%) 0 (0%)

CD3a* 0.049
Positive 4 (67%} 23 (96%) 6 (67%)
Negative 2(33%) 1 (4%) 3 (33%;)

Tumor size (cm)+ 0.40
Median 6.0 (3.0-15) 5.0(1.7-24) 6.0 (2.5-12)
(range)

Mitotic Index (per 50 HPF) 0.59
<3 4 (57%) 16 (64%) 3 (33%)

5-10 2 (29%) 5 (20%) 3(33%)
> 10 1 (14%) 4 (16%) 3 (33%)

Risk Classification 0.13
Low 0 (0%) 8 (32%) 0 (0%)
Intermediate 4 (57%) 7 (28%) 5 (56%)

High 3 {43%) 10 (40%) 4 (44%)

C-kit mutation$ 0.33
Exon 9 1 (17%) 0 (0%) 1 (50%)
Exon 1 4 (66%) 12 (86%) 1 (50%)
Exon 13 1 (17%) 1(7%) 0 (0%)

Exon 17 0 (0%) 1 (7%) 0 (0%)

*One duodenal GIST case and 1 stomach GIST case were not analyzed.

+One stomach GIST case was not analyzed.

+One duodenal GIST case. 11 stomach GIST cases. and 7 other GIST
cases were not analyzed.

GISTs indicates gastrointestinal stromal tumors: HPF, high-power field.
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TABLE 3. Symptoms Among Duodenal GISTs, Stomach GISTs,
and GISTs in Other Locations

Duodenum Stomach Other
(n=6) (n=8) (n=5)
Anemia 2 {33%) 21(25%) 0
Melena 3 {(50%) 0 1 (20%)
Epigastralgia 0 4 (50%) 0
Abdominal 1 {17%) 1 (13%) 1 (20%)
mass
Nausea 0 1(13%) 1(20%0)
Others 0 0 2140%)

GISTs indicates gastrointestinal stromal tumors.

Survival

In survival analysis of all GIST patients, the 2-year
RFS rates of duodenal. stomach, and other GISTs were
51.4%, 78.4%, and 100%. respectively (P = 0.058) (Fig. 1A).
As the survival curves of stomach and other GISTs were
similar, we combined the stomach GISTs with other GISTs
as a nonduodenal group, and compared RFS of duodenal
GIST patients with those of nonduodenal GIST patients.
As the result, the hazard ratio (HR) of recurrence was
5.1 {95% confidence interval (CI), 1.1-23.2} in the duodenal
GIST patients, and the log-rank test showed statistical
significance (P = 0.019) (Fig. 1B). In the low-risk and
intermediate-risk groups specifically. the 2-year RFS rates
of patients with duodenal and nonduodenal GISTs were
50% and 100%, respectively. showing a statistical differ-
ence (log-rank P = 0.010) and the HR of recurrence was
12.3 (95% CI, 1.1-142.9) (Fig. 2A). However, in the high-
risk group there was no significant difference in RFS
between duodenal GIST patients and nonduodenal GIST
patients (log-rank P = 0.60) (Fig. 2B). and the HR of
recurrence was 1.8 (95% CI, 0.19-17.9).

Univariate analyses revealed that symptom (P = 0.009),
mitotic index (P = 0.038), and tumor location (P = 0.035)
were the statistically significant prognostic factors of RFS
(Table 4). These 3 factors were significantly associated with
RFS even in multivariate analysis.

DISCUSSION

GISTs are often discovered in the stomach and small
intestine, but duodenal GISTs comprise only about 5% of
these. Although 2 case series have studied duodenal
GISTs,”® neither conducted a survival analysis. This study
showed that the RFS of duodenal GIST patients was worse
than that of patients with stomach GISTs or GISTs in
other locations, and the poor prognosis of duodenal GISTs
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FIGURE 1. Recurrence-free survival of patients with gastro-
intestinal stromal tumors (GISTs) on the basis of tumor location.
A, Duodenal versus stomach versus other GISTs. B, Duodenal
versus nonduodenal GISTs.

was more remarkable in low-risk and intermediate-risk
patient groups. Several earlier studies have reported that
patients with GISTs of the small intestine have an unfavor-
able prognosis, compared with stomach GISTs.!'-!3 In this
study, we combined small intestine cases with stomach cases,
because the survival curves of stomach and other GISTs were
similar. Multivariate Cox analyses performed after adjusting
for other proguostic factors revealed that tumor location was

TABLE 4. Association of Clinicopathological Factors With Recurrence-free Survival

Univariate Multivariate

Hazard Ratio (95% CI) P Hazard Ratio (95% CI) P
Age (>65y) 2.4 (0.64-9.2) 0.20 1.6 (0.34-7.3) 0.56
Sex {male} 1.4 (0.43-4.8) 0.55 — —
Symptom (present) 17.4 (2.0-150.1) 0.009 138.1 (3.9-6374.0) 0.007
Tumor size (> Scm) 1.6 (0.45-5.7) 0.47 — —
Mitotic index (= 5/50 HPF) 5.1(1.1-23.8) 0.038 37.0 (2.3-396.7) 0.011
Location (duodenum) 3.1 41.1-23.3) 0.035 10.9 (L.1-111.1) 0.043

CI indicates confidence interval: HPF, high-power field.
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FIGURE 2. Recurrence-free survival of patients with duodenal
gastrointestinal stromal tumors (GISTs) and nonduodenal GISTs
in (A) low-risk and intermediate-risk group and (B) high-risk
group.

an independent prognostic factor for GISTs. This result may
indicate that the duodenal GISTs are biologically different
from other GISTs.

Over the past several years. site-specific differences in
appearance, morphology, and clinical outcome have been
identified in GISTs. It has been reported that the
proportion of CD34-positive tumors and the frequency of
c-kit mutations are different depending on location.'*!> An
earlier study reported that CD34 positivity was more
frequent in malignant tumors than in borderline or benign
tumors.'® Another study reported that CD34 positivity in
patients with recurrence is higher than those without
recurrence, although the difference was not statistically
significant.!” In this study, the proportion of CD34-positive
patients with duodenal GISTs was even lower than that in
patients with stomach GISTs. Thus, we cannot explain
the poor survival of patients with duodenal GISTs by
CD34 positivity alone. In contrast, earlier studies showed
that mutations of éxon 9 were more common in patients
with small intestinal GISTs than in those with stomach
GISTs.'8!? GISTs with exon 9 mutations are often
clinically and pathologically malignant, and this subgroup

100 { www.jcge.com

of patients is often resistant to imatinib. In our population,
a duodenal GIST patient with an exon 9 mutation showed
early metastases to the liver after surgery. The positivity
rate of c-kit exon 9 mutations may contribute to the poor
survival of patients with duodenal GISTs. In this study,
however, we did not analyze c-kit mutation sites for about
half of all GIST cases, so we could not evaluate the
association between survival and the location of c-kit
mutation.

In comparison of clinicopathologic characteristics
among 3 location types of GISTs. clinical symptom was
the most significant finding. Many duodenal GIST patients
had symptomatic complaints that were mainly associated
with bleeding from tumor. whereas the proportion of
stomach GIST patients who had any clinical symptoms in
diagnosis was low (28%). Most of asymptomatic patients
with stomach GISTs were diagnosed in medical screening
or follow-up of other diseases. In Japan, medical screening
with upper gastrointestinal endoscopy or x-ray has been
widespread because of high prevalence of gastric cancer,
and it may contribute to early detection of asymptomatic
stomach GISTs. These features may induce the survival
difference between the duodenal and nonduodenal GISTs.
However, the tumor location was an independent prog-
nostic factor after adjusting for the presence of clinical
symptoms in the multivariate Cox analyses.

Surgery remains the mainstay of treatment for patients
with primary GISTs without distant metastasis. A recent
retrospective study to compare the survivals of duodenal
GIST patients after pancreaticoduodenectomy with those
after limited resection reported that the disease-free
survivals were similar between 2 surgical procedures.® In
this study, both the 2 cases who received pancreaticoduo-
denectomy are alive without recurrence, whereas 2 of
4 patients who received limited duodenal resection had
recurrence after surgery. Complete gross resection with an
intact pseudocapsule may be the most important thing to
treat duodenal GISTs, and so we should not hesitate to
perform combined resection such as pancreaticoduodenect-
omy to achieve gross resection, even though the surgical
procedure is highly invasive.

Limitations of this study include its retrospective
design and small sample size. As survival analyses with
small number of patients sometimes mislead the results, we
should therefore be careful in evaluating its results.
However, to our knowledge. this is the first study to focus
on the survival of patients with duodenal GISTs, and the
difference of RFS between duodenal and nonduodenal
GISTs was remarkable. In the future, prospective studies
using larger numbers of patients will be needed.
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Abstract

Background Bursectomy, a procedure dissecting the
peritoneal lining covering the pancreas and the anterior
plane of the transverse mesocolon, has been commonly
performed with radical gastrectomy for gastric cancer
patients. Although possibly improving the prognosis of
gastric cancers, adverse events related to bursectomy
should be evaluated in prospective studies.

Methods This prospective randomized controlled trial
was conducted by experienced surgeons in 11 Japanese
institutions. Patients with T2 or T3 gastric adenocarcinoma
were intraoperatively randomized to radical gastrectomy
plus D2 lymphadenectomy either with or without bursec-
tomy. Postoperative morbidity and mortality were com-
pared between the two groups.

Results A total of 210 patients were assigned to the
bursectomy group (104 patients) and the nonbursectomy
group (106 patients) between July 2002 and January 2007.
Background characteristics were well balanced. Intraoper-
ative blood loss was greater in the bursectomy group than
in the nonbursectomy group (median 475 vs. 350 ml,
p = 0.047), whereas other surgical factors did not vary
significantly. The overall morbidity rate was 14.3% (30
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patients), the same for the two groups. Likewise, the
incidence of major postoperative complications, including
pancreatic fistula, anastomotic leakage, abdominal abscess,
bowel obstruction, hemorrhage, and pneumonia, were not
significantly different between the two groups. The medi-
ans of the amylase level of the drainage fluid on postop-
erative day 1 were similar for the two groups (median 282
vs. 314 TU/L, p = 0.543). The hospital mortality rate was
0.95%: one patient per group.

Conclusions Experienced surgeons could safely perform
a D2 gastrectomy with an additional bursectomy without
increased major surgical complications.

Introduction

More than half of the new cases of gastric cancer occur in
eastern Asia [1]. The surgical intervention for gastric
cancers has rapidly developed in Japan. An extended rad-
ical lymphadenectomy, which is almost identical to the
present D2 dissection, along with bursectomy was estab-
lished as the standard treatment for advanced gastric can-
cers during the early 1960s [2, 3]. Bursectomy is a
traditional surgical procedure to dissect the peritoneal
lining covering the pancreas and the anterior plane of the
transverse mesocolon with an omentectomy [4, 5]. This
procedure is recommended in the Japanese Gastric Cancer
Treatment Guidelines as part of the radical surgery for
gastric cancer to remove micrometastases disseminated
into the bursa omentalis [6]. As gastric cancer in the pos-
terior wall sometimes shows peritoneal dissemination only
in the bursa omentalis, its resection may improve survival
7.

On the other hand, a bursectomy causes some surgical
stress when performed in addition to a D2 lymph node
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dissection. Therefore, the possible increase in the incidence
of postoperative complications, including pancreatic fistula
formation, intestinal obstruction, and hemorrhage, may be
concerning. As the safety of a D2 lymph node dissection is
still controversial in Western countries [8, 9], we should
also carefully evaluate the safety of bursectomy. To elu-
cidate the safety and usefulness of the bursectomy, we
conducted a multiinstitutional randomized controlled trial.
We hereby present our operative morbidity and mortality
data, the secondary endpoints of this trial. The final anal-
ysis of survival data is scheduled to take place in 2012.

Patients and methods

Patients

Patient eligibility criteria for this study were as follows: (1)
histologically proven primary adenocarcinoma of the
stomach; (2) a preoperative and intraoperative classification
of T2NO, T3NO, T2N1, or T3N1 according to 13th edition
of the Japanese Classification of Gastric Carcinoma [10];
(3) alack of noncurative surgical factors except for positive
lavage cytology; (4) no Borrmann type 4 (linitis plastica)
cases; (5) no prior chemotherapy or radiation therapy; (6)
ages 20 to 80 years with a performance status of 0 to 2
according to the Eastern Cooperative Oncology Group
(ECOG) scale; (7) no history of gastrectomy or other
malignancy during the last 5 years. All patients gave writ-
ten informed consent before undergoing randomization.

When the surgeon confirmed the above eligibility cri-
teria immediately after the initial laparotomy, patients were
then intraoperatively randomized to the bursectomy group
(a D2 gastrectomy with bursectomy) or the nonbursectomy
group (without bursectomy). Randomizations were made
by the minimization method according to sex, clinical T
stage (cT2 vs. cT3), and gastrectomy (total vs, distal sub-
total gastrectomy).

Surgery

In both the bursectomy and nonbursectomy groups, the
surgeon performed a total or distal subtotal gastrectomy
and D2 lymph node dissection as a standard treatment for
advanced gastric cancers {10]. With total gastrectomy for
T2 or deeper tumors in the proximal third of the stomach,
the spleen was removed in principle for splenic hilar
lymphadenectomy. Pancreatectomy was confined to those
patients whose pancreas was involved by tumor.

An omentectomy was performed for both groups in this
study. In the bursectomy group, the peritoneal lining of the
bursa omentalis was removed en bloc as much as possible
from the anterior plane of the transverse mesocolon and the
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pancreas. In the caudal area of the bursa omentalis, the
anterior lesion was removed with the minor omentum at the
edge of the left lobe of the liver. The posterior and right-
sided lesions were removed with lymph node dissection
along the common hepatic artery (no. 8a), the splenic artery
{(no. 11p/d), the left gastric artery (no. 7), and in the hep-
atoduodenal ligament (no. 12a). As complete removal of
the left side of the bursa omentalis did not allow a distal
subtotal gastrectomy, pancreatic serosa was removed up to
the proximal half of the splenic artery (no. 11p). For the
transverse colon mesentery, the peritoneum was removed
up to the left gastroepiploic artery (no. 4sb). In the non-
bursectomy group, the right anterior surface of the trans-
verse colon mesentery was partially removed around the
root of the right gastroepiploic artery (no. 6). Only a small
amount of peritoneumn could be removed for lymph node
dissection. Thus, the bursa omentalis peritoneal lining was
preserved as much as possible in the nonbursectomy group.
The type of reconstruction and the indication of prophy-
lactic cholecystectomy were not specified in the protocol.

Patients were enrolled from 11 hospitals belonging to
the Osaka University Clinical Research Group for Gas-
troenterological Surgery. More than 50 gastrectomies were
performed each year in these 11 hospitals. All operations
were performed or supervised by senior surgeons who were
members of the Japanese Gastric Cancer Association.
During the planning of the study, all participating surgeons
reached an agreement concerning the technical details of
bursectomy.

Postoperative evaluation

Operative methods and pathology results were recorded
according to the 13th edition of the Japanese Classification
of Gastric Carcinoma [10]. The number of dissected lymph
nodes was measured by pathology. Drainage fluid was
collected via an operatively placed drain on postoperative
day (POD) 1 for measuring the amylase level. The six
Representative data for the six major morbidities—pan-
creatic fistula, anastomnotic leakage, abdominal abscess,
bowel obstruction, hemorrhage, pneumonia—were pro-
spectively collected. A pancreatic fistula was defined by a
drainage output on or after POD 5 with an amylase content
more than three times the upper normal serum value.
Pneumonia, anastomotic leakage, abdominal abscess, and
bowel obstruction were diagnosed radiologically or clini-
cally. Postoperative hemorrhage requiring a transfusion
was recorded as morbidity. Any other complications
requiring pharmacologic or surgical treatment were recor-
ded on a free format. Operative morbidity until 3 months
after surgery was also analyzed in this study. Operating
time, blood loss, duration of hospital stay after surgery, and
reoperation details were also recorded. Hospital mortality
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was defined as postoperative death of any cause within
30 days or death during the same hospitalization.

Patients were followed every 3 months until 5 years
after the operation. Adjuvant therapy was not permitted
before a recurrence of cancer.

Statistical Analysis

The primary endpoint was overall survival (OS). Second-
ary endpoints were recurrence-free survival, operative
morbidity, and POD 1 drainage amylase levels. We plan-
ned initially to recruit 200 patients, with an alpha error of
0.1 and statistical power of 80%. This allowed detection of
a 10% margin of noninferiority for the nonbursectomy
group under the estimation of a 60% 5-year OS in the
bursectomy group. The projected accrual period and fol-
low-up period were 3 years and 5 years, respectively. After
registration of 204 patients, we amended the sample size
and analysis to correct the estimation of the 5-year OS in
the bursectomy group as 75% and to reduce alpha error.
The amended sample size was 464, with an alpha error of
0.05 and statistical power of 80%, with an 8-year accrual
period (total) and 5-year follow-up.

In January 2007, the positive result of a large-scale ran-
domized controlled trial to evaluate adjuvant S-1 chemo-
therapy for stage II/III gastric cancer patients was reported
[11, 12]. Since then, adjuvant S-1 chemotherapy has been a
new standard treatment for stage II/III gastric cancer patients
in Japan. However, because any adjuvant treatment includ-
ing S-1 was not allowed after surgery in our stdy, we
decided to close the accrual of our study in January 2007.

The operative morbidity and mortality rates were based
on the proportion of the number of cases divided by all
registered patients based on the intention-to-treat principle.
The differences in proportion between the two groups were
evaluated using Fisher’s exact test or chi-squared test. The
differences of continuous variables, including age, body
mass index, tumor size, operating time, blood loss, and the
number of dissected lymph nodes for the two groups were
tested with a Mann-Whitney U-test. All p values were two-
sided, and statistical analysis was done using SPSS Sta-
tistics software, version 17.0 (SPSS, Chicago, IL, USA).

Results

Patients and surgery

Between July 2002 and January 2007, a total of 210
patients were randomly divided into 104 in the bursectomy
group and 106 in the nonbursectomy group (Fig. 1). One
patient in the bursectomy group did not undergo bursec-
tomy, and one in the nonbursectomy group underwent

|210 patients randomized |

I 104 assigned bursectomy ! ’ 106 assigned nanbursectomy I

103 received allocated surgery 105 received allocated surgery

1 protocol violation
(1 did not undergo bursectomy)

104 included in analysis

Fig. 1 CONSORT flowchart for patients

1 protocol violation
(1 underwent bursectomy)

106 included in analysis

bursectomy. Most of the baseline characteristics were well
balanced (Table 1). The bursectomy group had slightly
older patients than the nonbursectomy group (median 65
vs. 63 years, p = 0.099). The number of patients with
pathologically positive nodes was slightly higher in the
bursectomy group than in the nonbursectomy group (52.9%
vs. 43.4%, p = 0.214).

The operative details are shown in Table 2. A total
gastrectomy was performed on 22 (21.2%) patients in the
bursectomy group and on 27 (25.5%) patients in the non-
bursectomy group. About one-half of patients in each of the
two groups underwent a Roux-en-Y reconstruction proce-
dure. A combined resection of other organs was performed
for 103 patients in total. The resected organs were the
gallbladder in 98 patients, spleen in 26 patients, part of the
pancreas in 1 patient, the colon in | patient, the left adrenal
gland in 1 patient, and the diaphragm in 1 patient. It was of
note that although the difference was not statistically sig-
nificant the number of patients with a combined resection
was greater in the nonbursectomy group than in the bur-
sectorny group (42.3 vs. 55.7%, p = 0.055). When we
evaluated the operating time after dividing the patients into
two subgroups, either with or without a combined resection
of other organs, the bursectomy required a longer operating
time (median 27 min in patients with a combined resection,
26 min in patients without a combined resection). The
amount of blood loss significantly increased in the bur-
sectomy group compared to the nonbursectomy group
(median 475 vs. 350 ml, p = 0.047). There was no sig-
nificant difference between the two groups regarding the
number of dissected lymph nodes.

Operative morbidity and mortality

The overall operative morbidity rate was 14.3% (30
patients), which was the same in the two groups (Table 3).
Prespecified complications, including pancreatic fistula,
anastomotic leakage, abdominal abscess, bowel obstruction,
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Table 1 Patient and tumor characteristics

Table 2 Profile of surgical treatment

Characteristic Bursectomy Nonbursectomy p* Treatment Bursectomy Nonbursectomy p*
(n = 104) (n = 106) (n = 104) (n = 106)
Age (years) 0.099  Gastrectomy 0.515
Median 65 63 Total 2 27
Range 31-79 34-78 Distal subtotal 82 79
Sex 0.761 Reconstruction method 0.705
Male 73 77 Roux-en-Y 43 55
Female 31 29 Billroth 1 54 49
Body mass index 0.653 Other® 2 2
Median 223 225 Combined resection of other 0.055
Range 15.7-28.9 15.6-294 organs
Tumor size (cm) 0.311 Present 44 59
Median 43 45 Gallbiadder 41 57
Range 0.9-11.0 1.5-12.0 Spleen 12 14
b
Histological type 0.784 Other 1 2
Differentiated 47 50 Absent 60 47
Undifferentiated® 57 56 Operating time (min) 0.368
Clinical T stage® 0572 ~ Median 22 21
vl 61 67 Range 134488 111-360
T3 43 39 Blood loss (ml) 0.047
Clinical N stage® 1.000 Median 475 350
cNO 59 61 Rangc 80-3970 55-2901
N1 45 45 No. of dissected lymph nodes 0417
Pathologic T stage® 0.902 Median 38 37
pT1 17 19 Range 11-98 797
pT2 62 64 * p values were calculated by Fisher’s exact test for gastrectomy and
pT34 25 23 combined resection of other organs (present or absent); by chi-
X b squared test for the reconstruction method; and by the Mann-Whitney
Pathologic N stage 0.119 U-test for operating time, blood loss, and the number of dissected
pNO 49 60 lymph nodes
pN1 37 24 * Others included one Billroth I method and one intestinal interpo-
pN2-3 18 22 sition method in the bursectomy group and two Billroth H methods in
Residual tumor 1.000 the nonbursectomy group
RO 101 102 ® Others included one adrenal gland in the bursectomy group and one
RI 3 4 pancreas and one diaphragm in the nonbursectomy group

* The p values were calculated by Fisher’s exact test for sex, histo-
logical type, clinical T stage, clinical N stage, and residual tumor; by
the chi-squared test for pathologic T stage and pathologic N stage; and
by the Mann-Whitney U-test for age, body mass index, and tumor
size

? Undifferentiated type included one endocrine cell carcinoma case in
the nonbursectomy group

b T stage and N stage were according to the 13th edition of the
Japanese Classification of Gastric Carcinoma

hemorrhage, and pneumonia, did not significantly differ
between the two groups. Among the 10 patients with a
pancreatic fistula, 6 underwent splenectomy, but no patients
underwent pancreaticosplenectomy. Ten patients suffered
from other complications, including two cases of chylous
lymphorthea, two of delayed gastric emptying without
obstruction, and one case of afferent loop syndrome, acute
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Table 3 Postoperative morbidity

Morbidity Bursectomy Nonbursectomy — p*
(n=104) (n = 106)

Any complication 15 15 1.000
Pancreatic fistula 3 7 0.332
Anastomotic leakage 4 3 0.720
Abdominal abscess 3 8 0.214
Bowel obstruction 2 1 0.620
Hemorrhage 1 0 0.495
Pneumonia 1 1 1.000

* The p values were calculated by Fisher's exact test

cholecystitis, acute enteritis, arteriosclerosis obliterans of
the leg, drug-induced hepatitis, and anastomotic stricture.
The incidence of these miscellaneous complications tended
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to be more frequent in the bursectomy group than in the non-
bursectomy group (7.7 vs. 1.9%, p = 0.057). The median
amylase levels in the drainage fluid on POD 1 were 282 TU/L
in the bursectomy group and 314 TU/L in the nonbursectomy
group (p = 0.543). Reoperation was required in four patients
(1.9%): two for intestinal obstruction, one for afferent loop
syndrome in the bursectomy group, and one for anastomotic
leakage in the nonbursectomy group. The median hospital
stay after surgery was 16 days in the bursectomy group and
15 days in the nonbursectomy group (p = 0.744).

There were two hospital deaths (0.95%). One patient in
the bursectomy group and one patient in the nonbursecto-
my group died of sepsis after anastomotic leakage and
pancreatic fistula formation, respectively. All other patients
recovered from surgery and were discharged from the
hospital.

Discussion

Two factors are necessary for bursectomy to be accepted as
a standard treatment for advanced gastric cancers: safety
and oncologic benefit. Only a randomized clinical trial can
scientifically evaluate this proposition, and we are the first
worldwide to conduct such a trial. This article is an early
report of this trial with respect to operative safety. We
found that overall morbidity and mortality were equivalent
with and without bursectomy. Although the amount of
surgical blood loss was significantly increased with bur-
sectomy, overall we concluded that this procedure is safe
and acceptable.

The safety of surgical treatments strongly depends on
the surgeon’s experience. Specific training is required to
perform any surgical procedure, particularly when it is
done for cancer treatment. There have been clinical trials
studying the extent of lymph node dissection during gastric
surgery. Two European randomized trials comparing D1
with D2 lymphadenectomy concluded that D2 was not
acceptable as a standard treatment because D2 was asso-
ciated with higher morbidity and mortality than D1 [8, 9].
On the other hand, two randomized trials comparing D1
with D2 and D2 with D3 lymphadenectomy in eastern Asia
demonstrated that both D2 and D3 gastrectomy could be
performed with low operative risk [13, 14]. This finding
can be explained by the high volume of gastric cancer
patients treated at that hospital and the high prevalence of
gastric cancer in eastern Asia. Tn this study, all the patients
were enrolled from an institution in which more than 50
gastrectomies were performed each year. In our trial the
surgical procedures being performed by experienced sur-
geons accounted for the low mortality rates (0.95%) and
low morbidity rates (14.3%).

Among various adverse events after surgery, we were
concerned about the increased incidence of pancreatic fis-
tulas after bursectomy because bursectomy requires
resection of the capsule covering the pancreas [15]. How-
ever, we did not observe a significant increase in the
incidence of pancreatic fistulas or inappropriate amylase
levels in the postoperative drainage fluid, a surrogate
marker of a pancreas fistula. This suggests that a pancreatic
fistula is not caused by removal of a pancreatic capsule but
may be caused by lymph node dissection adjacent to the
pancreas parenchyma.

The next concern included the possibility of adhesion
formation. Intestinal obstruction is the representative
symptom of adhesion. In this study, two bursectomy
patients and one nonbursectomy patient suffered from
postoperative bowe! obstruction, but there was no signifi-
cant difference between the two groups. As 3 months’
observation after surgery was not enough to evaluate the
incidence of intestinal obstruction, a longer observation is
necessary to draw a conclusion. Adhesion to the mesocolon
and pancreas may cause specific local symptoms, such as
delayed gastric emptying or afferent loop syndrome. It is of
note that both delayed gastric emptying (two patients) and
afferent loop syndrome (one patient) were observed only in
the bursectomy group. Although this also did not reach
statistical significance, careful observation is required in a
larger cohort study.

In general, omentectomy and bursectomy are simulta-
neously performed for the same purpose, but their clinical
pictures are somehow different. As the great omentum has
numerous milky spots, which absorb ascites and actively
incorporate cancer cells, peritoneal metastasis is frequently
observed [16]. On the other hand, bursa omentalis, which is
a semi-closed cavity, allows exfoliated cancer cells to
remain. As for the surgical aspects, omentectomy is not
difficult and does not increase the operating time or the
blood loss. In contrast, the bursectomy technique is com-
plicated and increases the operating time and bleeding.
Considering the balance between the risk and benefit of
each surgical procedure, we performed an omentectomy for
all patients and randomly assigned each case to either with
or without bursectomy. If we cannot find a benefit of
bursectomy in this trial, we should elucidate the signifi-
cance of omentectomy in the next step.

Conclusions

This study showed that experienced surgeons could safely
perform a D2 gastrectomy with bursectomy. Although
bursectomy resulted in more blood loss, the major opera-
tive complications and hospital deaths were not increased.
Regarding the survival benefit of this procedure, we must
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wait for the results of the final analysis when the data have 3.

matured sufficiently.

Bonenkamp JJ, Hermans J, Sasako M et al (1999) Extended
tymph-node dissection for gastric cancer. N Engl J Med 340:
908~914
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Abstract

Background: As S5-1 monotherapy has recently become the
standard adjuvant regimen for stage II-Ill gastric cancer pa-
tients after curative gastrectomy in Japan, the question
whether adjuvant S-1 affects the subsequent clinical course
of relapsed patients has attracted great concern. Patients
and Methods: We retrospectively evaiuated the effect of
adjuvant S-1 on survival following recurrence and efficacy of
first-line treatment in patients with recurrent gastric cancer
after curative gastrectomy. A total of 89 patients were evalu-
ated. Thirty patients received adjuvant S-1 {cohort A), 10 pa-
tients were given adjuvant chemotherapy with other oral
5-FU agents (cohort B) and 49 patients received no adjuvant
chemotherapy (cohort C). Results: Median survival time fol-
lowing recurrence was 287 days in cohort A, 451 days in B
and 547 days in C, with a significant difference between A
and C (p = 0.0034). Response rates of the first-line chemo-
therapy after recurrence were 6.7, 30.0 and 42.9% in cohorts
‘A, B and C, respectively, with a significant difference be-
tween A and C {p = 0.0007). On multivariate analysis, S-1 ad-
juvant chemotherapy was independently associated with
poor prognosis after recurrence (hazard ratio 2.64). Conclu-

sion: S-1 adjuvant chemotherapy significantly reduced sur-
vival and response to first-line chemotherapy following re-
currence in patients with recurrent gastric cancer.

Copyright ® 2010 S. Karger AG, Base!

Introduction

Although several meta-analyses have suggested a sur-
vival benefit provided by adjuvant chemotherapy for gas-
tric cancer [1-6], there have been only a few treatments
with their efficacy established in large clinical trials.
Postoperative radiotherapy with 5-FU plus leucovorin
has become a standard adjuvant therapy in the US [7},
while peri-operative triplet regimen with epirubicin, cis-
platin and 5-FU is standard in the UK [8]. Recently in
Japan, the ACTS-GC trial has verified the efficacy of S-1
adjuvant chemotherapy after curative gastrectomy for
stage II-111 disease [9]. However, around 30% of patients
still develop recurrence afterwards despite adjuvant S-1.
As the number of patients relapsing after S-1 adjuvant
chemotherapy increases, it becomes of great concern
whether adjuvant S-1 affects the subsequent clinical be-
havior of the recurrent disease.

This retrospective study was conducted to evaluate the
effect of S-1 adjuvant chemotherapy, in comparison with
other 5-FU agents or no adjuvant chemotherapy, on sur-
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vival following recurrence and efficacy of first-line che-
motherapy given at the time of relapse in patients with
recurrent gastric cancer after curative gastrectomy.

Patients and Methods

Patients

A total of 95 patients with recurrent gastric cancer after cura-
tive gastrectomy were found at our institution between April 1999
and October 2008. Among them, 89 patients enrolled in this ret-
rospective study fulfilled the following criteria: (1) histologically
proven recurrent gastric adenocarcinoma; (2) stage II, il or IV
primary disease without any distant metastasis in accordance
with the guidelines of the Japanese Gastric Cancer Association
[10]; (3) either adjuvant chemotherapy with S-1 or other oral 5-FU
agents (UFT or 5-FUDR) lasting more than 4 weeks or no adju-
vant treatment; (4) performance status of 2 or less on the Eastern
Cooperative Oncology Group scale; (5) adequate bone marrow
function (white blood cell count 4,000-12,000/mm’, platelet
count =100,000/mm’ and hemoglobin =8.0 g/dl), hepatic func-
tion (total bilirubin =1.5 mg/dl, serum transaminases =100 p./1)
and renal function (serum creatinine < the upper institutional
limit); (6) no other severe medical conditions; (7) no other con-
current active malignancy.

Overall Survival, Efficacy of First-Line Chemotherapy

and Statistics

Overall survival (OS) after recurrence was defined as the time
from the date of recurrence to the date of death from any cause or
the last follow-up. OS was calculated using the Kaplan-Meier
method and compared with the log-rank test. Univariate and
multivariate analyses were performed by the Cox proportional
hazards model to identify variables independently associated
with poor prognosis after recurrence.

During the first-line chemotherapy after recurrence, each pa-
tient with a measurable lesion was assessed for an objective re-
sponse 1o treatment according to the Response Evaluation Crite-
ria in Solid Tumors [11] with computed tomography scans pet-
formed every 2 to 3 months until disease progression. Disease
control rate (DCR) represented the percentage of patients with
complete response, partial response or stable disease (SD). Pa-
tients only with nonmeasurable lesions were evaluated as stable
disease if neither complete disappearance (complete response)
nor obvious progression of the recurrent disease were observed
on computed tomography scans.

Differences in proportion were evaluated with the x” test and
the differential significance of age was estimated by the Kruskal-
Wallis test. Statistical results were considered to be significant
with a p value of less than 0.05.

Results

Patient Characteristics
Eighty-nine patients were categorized into the 3 co-
horts shown in table 1. Thirty patients in cohort A, 18

Effect of S-1 Adjuvant Chemotherapy in
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Table 1. Patient characteristics

Cohort A Cohort B CohortC  p
S-1adjuvant oral 5-FU  no adjuvant value
Patients 30 10 49
Gender 0.5254
Male 18 6 35
Female 12 4 14
Age, years 0.8537
Median 62.5 63 59
Range 32-83 35-78 42-84
Histology (Lauren’s) 0.841
Intestinal 9 4 17
Diffuse 21 6 32
Stage 0.0053
4} 2 4 11
111 13 5 32
v 15 1 6
Measurable lesions 0.6584
Present 19 6 26
Absent 11 4 23
Metastatic sites 0.2531
1 25 10 45
=2 5 0 4
DFI 0.105
<1 year 19 5 19
21 vear 11 5 30

males and 12 females with a median age of 62.5 years
(range: 32-83), received S-1 adjuvant chemotherapy. -1
was given orally using a standard dose and schedule (80
mg/m?/day, for 28 consecutive days followed by a 14-day
rest, repeated for 1 year) [9]. Nine patients completed the
planned 1-year administration of adjuvant $-1, while 11
patients discontinued the treatment within the first 6
months and 10 patients in the second 6 months after the
initiation of S-1 adjuvant chemotherapy. The reasons for
treatment withdrawal were treatment toxicity in 1, and
recurrent disease in 20 patients. The median duration of
adjuvant S-1 administration was 211 days. In cohort B, 10
patients, 6 males and 4 females with a median age of 63.0
years (range: 35-78), were given adjuvant chemotherapy
with oral 5-FU agents other than S-1. UFT (a combina-
tion of uracil and tegafur at a molar ratio of 4:1) was ad-
ministered at a dose of 400 mg/body/day in é patients
and 5’-DFUR (5'-deoxy-5-fluorouridine} at a dose of
800 mg/body/day in 4 patients. Two patients completed
the planned 1-year administration of adjuvant UFT/5'-
DFUR, while 3 patients discontinued the treatment with-
in the first 6 months and 5 patients in the second 6 months
after the initiation of adjuvant chemotherapy. The rea-

Chemotherapy 2010;56:436-443 437

—247—



Probability

Number of patients  MST
Cohort A 30 287 days } p=0.0539
Cohort B 10 451 days p =0.0034
=0.5759
Cohort C 49 547 days } P

Fig. 1. OS after recurrence.
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sons for treatmnent withdrawal were patient refusal in 1
and recurrent disease in 7 patients. The median duration
of adjuvant 5-FU agent administration was 180 days. For-
ty-nine patients in cohort C, 35 males and 14 females with
amedian age of 59.0 years (range: 42-84), received no ad-
juvant chemotherapy. Histologically, around one third of
patients had intestinal-type adenocarcinoma and two
thirds had diffuse-type adenocarcinoma in each cohort.
Asfor the initial stage of the primary tumor after curative
gastrectomy, stage IV disease was significantly more fre-
quent in cohort A than in the other cohorts (p = 0.0053).
A measurable recurrent lesion was seen in 50-60% of
each cohort and multiple metastatic sites were present in
10% of all patients. The disease-free interval (DFI), which
was defined as the time from the date of surgery to the
date of recurrence, was less than 1 year in approximately
40-60% of patients in either cohort.

Overall Survival

OS after recurrence was compared among the three
cohorts. After a median follow-up time of 380 days from
the date of recurrence (319 days in 71 dead patients and
560 days in 18 alive patents), the median survival time
(MST) was 287 days in cohort A, 451 days in B and 547
days in C. OS was significantly shorter in cohort A than

438 Chemotherapy 2010;56:436-443

in cohort C (p = 0.0034), while there was no significant
difference between cohorts B and A or C, as shown in
figure 1. In cohort A, the duration of S-1 adjuvant chemo-
therapy was <6 months in 11 patients, 6 to <12 months
in 10 and 12 months in 9. No significant difference in OS
(MST, 246 vs. 287 vs. 464 days; p = 0.4963) was observed
according to the duration of S-1 adjuvant chemotherapy,
as shown in figure 2.

Efficacy of First-Line Chemotherapy

Regimens of the first-line chemotherapy delivered af-
ter recurrence are shown in table 2. Nine patients (30.0%)
in cohort A received S-1-based therapy (S-1 monotherapy
{12,13)in 3,S-1 plus cisplatin [14] in 3, S-1 plus irinotecan
{15] in 3, S-1 plus paclitaxel [16] in 0), although 9 patients
were treated with paclitaxel monotherapy administered
in a weekly fashion [17] and 12 patients with irinotecan-
based therapy (irinotecan monotherapy 18] in 5, irinote-
can plus cisplatin [19] in 7). In cohort B, 5 patients (50.0%)
received S-1-based therapy, with 4 patients being treated
with paclitaxel monotherapy and 1 patient with irinote-
can plus cisplatin. In cohort C, 42 patients (85.7%) re-
ceived S-1-based therapy, 4 patients were given paclitaxel
monotherapy and 3 patients were given irinotecan plus
cisplatin. It seemed inevitable for various regimens to
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Treatment duration <6 months 610 <12 months 12 months
Number of patients 11 10 9
MST {days) 246 287 464
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Fig. 2. OS according to the duration of $-1

adjuvant chemotherapy.

Table 2. Regimens of first-line chemotherapy after recurrence

Cohort A Cohort B Cohort C

(n=30) (=100 (n=49)
S-1-based therapy 9 5 42
S-1 monotherapy 3 3 26
8-1 + cisplatin 3 0 4
$-1 + jrinotecan 3 1 7
S-1 + paclitaxe] 0 1 5
Weekly paclitaxel 9 4 4
Irinotecan-based therapy 12 1 3
Irinotecan monotherapy 5 0 0
Irinotecan + cisplatin 7 1 3

have been given as the first-line treatment because it was
obscure whether non-S-1-based therapy was more appro-
priate for patients relapsed after adjuvant S-1 or which
should be chosen as a non-S-1 agent between paclitaxel
and irinotecan for patients with recurrent gastric cancer.
However, there was a tendency to prefer choosing S-1-
based therapy as the first-line treatment after recurrence
in cohort C, while non-5-FU regimens were more likely
to be chosen in cohorts A and B. The best response to the
first-line chemotherapy after recurrence was compared

Effect of S-1 Adjuvant Chemotherapy in
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among these 3 cohorts, as shown in table 3. Response
rates (RR) were 6.7% [95% confidence interval (CI) 0.8-
22.1], 30.0% (95% Cl 6.7-65.3), and 42.9% (95% CI 28.8-
57.8) in cohorts A, B and C, respectively, with a signifi-
cant difference between A and C (p = 0.0007). DCR were
50.0% (95% CI 31.3-68.7), 80.0% (95% CI 44.4-97.5) and
89.8% (95% CI 77.8-96.6) in cohorts A, B and C, respec-
tively, with a significant difference between Aand C (p =
0.0001).

Prognostic Factors for OS

The results of univariate and multivariate analyses of
various factors, such as gender, age, histology, initial stage
and presence of measurable lesion, number of metastatic
sites, DFI and type of adjuvant chemotherapy for OS fol-
lowing recurrence are summarized in table 4. Among
these, absence of a measurable lesion [hazard ratio 2.18
(95% CI 1.28-3.72)], presence of multiple metastatic sites
[hazard ratio 2.89 (95% CI 1.28-6.52)] and S-1 adjuvant
chemotherapy [hazard ratio 2.64 (95% CI 1.35-4.75)]
were identified as significant independent factors for
poor prognosis after recurrence.
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Table 3. Efficacy of first-line chemotherapy

CR PR SD PD Total RR, % DCR, %
Cohort A 0 2 13 15 30 6.7 (0.8-22.1) 50 (31.3-68.7)
Cohort B 2 1 5 2 1¢ 30 (6.7-65.3) 80 (44.4-97.5)
Cohort C 4 17 23 5 49 42.9 (28.8-57.8) 89.8 (77.8-96.6)
Figures in parentheses are 95% CI.
Table 4. Prognostic factors for OS
Univariate analysis Multivariate analysis
patients MST,days p hazard ratio 95% CI P
Gender
Male 59 466 0.4212 0.791
Female 30 303 1.082 0.606-1.930
Age, median 61
261 46 455 0.5071 0.91
<61 43 446 0.969 0.559-1.680
Histology
Intestinal 30 455 0.5388 0.948
Diffuse 59 446 0.981 0.556-1.733
Stage
I 17 304 0.4825 1.115 0.444-2.800 0.744
I 50 455 1.274 0.667-2.432
v 22 479
Measurable lesion
Present 51 547 0.0243 0.004
Absent 38 285 2.181 1.279-3.720
Metastatic sites
1 80 455 0.0154 0.011
22 9 268 2.89 1.281-6.524
DFI
<1 year 43 351 0.365 1.349 0.786-2.315 0277
2] year 46 521
Adjuvant chemotherapy
Nene 49 547 0.0061 0.008
S-1 30 287 2.635 1.346-4.747
Oral 5-FU 10 451 0.98 0.422-2.274

Discussion

Although adjuvant chemotherapy with S-1 has recent-
ly become the standard treatment for stage 11-111 gastric
cancer patients after curative gastrectomy in Japan based
on the result of the ACTS-GC trial [9], nearly 30% of pa-
tients still relapse, despite the adjuvant S-1 treatment.
Since the total number of patients with recurrence after
adjuvant S-1 is increasing, it is of great concern to discern

440 Chemotherapy 2010;56:436~443

whether adjuvant S-1 affects the subsequent clinical
course of the patients after recurrence. We, therefore, ret-
rospectively evaluated the effect of adjuvant S-1 on sur-
vival following recurrence and the efficacy of first-line
chemotherapy given at the time of relapse in patients with
recurrent gastric cancer.

Asshown in figure 1, patients initially treated with ad-
juvant S-1 had shorter survival following the recurrence
than those receiving no adjuvant treatment (MST 287 vs.
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547 days, p = 0.0034). Similarly, adjuvant chemotherapy
was reported to have a negative impact on outcome after
recurrence in other types of cancer such as colon and
breast [20, 21]. As for the results of subset analysis of co-
hort A shown in figure 2, there may be some controver-
sies. MST of the patients who relapsed after completion
of 12 months of S-1 adjuvant chemotherapy was 464 days,
equivalent to that of 451 days in cohort B. Although the
duration of S-1 adjuvant chemotherapy showed no effect
on OS after recurrence, this lack of statistical difference
between the subgroups might be due to the small sample
size. However, at least, the patients who discontinued S-1
adjuvant chemotherapy within 12 months because of re-
currence were very unlikely to be salvaged by the addi-
tional chemotherapy given at the time of relapse. Al-
though there was an imbalance of initial stage of the pri-
mary tumor between cohorts A and C, as shown in
table 1, MSTs at stage [I-11I and I'V in cohort A were 237
and 479 days, respectively, while they were 588 and 290
days in cohort C, respectively, with no significant differ-
ence between stage [I-111 and IV. Furthermore, on multi-
variate analysis in table 4, S-1 adjuvant chemotherapy but
not initial stage was confirmed as an independent prog-
nostic factor for OS after recurrence. Absence of a mea-
surable lesion and presence of multiple metastatic sites
also significantly correlated with inferior survival on
multivariate analysis. MSTs of patients whose metastatic
lesions involved the peritoneum (n = 36), bone/skin (n =
6), lymph nodes (n = 34) and liver (n = 19) were 285, 209,
609 and 426 days, respectively. Prior receipt of S-1 adju-
vant chemotherapy as well as absence of a measurable le-
sion and presence of multiple metastatic sites contributed
to the poor prognosis following tumor recurrence. These
prognostic factors identified in this study might become
useful factors of stratification for future clinical trial de-
sign in patients with recurrent gastric cancer.

With respect to the efficacy of first-line chemotherapy
given at the time of relapse, patients who had received S-1
adjuvant chemotherapy showed a significantly lower RR
than those receiving no adjuvant treatment: 6.7 versus
42.9% (p = 0.0007) as shown in table 3. Likewise, in pa-
tients with recurrent breast cancer, adjuvant chemother-
apy was demonstrated to be a significant factor in pre-
dicting a poor response to first-line chemotherapy after
recurrence [21]. As for the choice of first-line regimen giv-
en at the time of relapse, about two thirds of patients in
cohort A received non-S-1-based therapy after adjuvant
§-1. Although 1 retrospective study reported the invalid-
ity of S-1-based chemotherapy as first-line treatment for
recurrent disease after adjuvant S-1 in terms of a signifi-

Effect of $-1 Adjuvant Chemotherapy in
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cantly lower RR, DCR as well as shorter progression-free
survival compared to non-S-1-based chemotherapy [22],
it still remains a problem to be clarified prospectively
whether patients failing S-1 adjuvant chemotherapy
should subsequently be treated with non-S-1-based regi-
mens. In fact, in cohort A, patients treated with non-S-1-
based chemotherapy showed an MST of 287 days with RR
of 9.5% and DCR of 52.4%, while those with S-1-based
regimens demonstrated an MST of 268 days with RR of
0% and DCR of 33.3%, with no significant difference
among them. These findings suggest that patients who
recurred following S-1 adjuvant chemotherapy must have
extremely aggressive tumors refractory to any kind of
further chemotherapy.

The poor outcome following relapse in patients who
had received adjuvant S-1 might be speculatively inter-
preted as follows. While noncurative adjuvant chemo-
therapy might eradicate sensitive tumor cells, adjuvant
S-1 could screen and select biologically more aggressive
cellular clones with intrinsic resistance to cytotoxic
agents that progress more quickly once recurrence is
identified, or could induce acquired cellular resistance to
further chemotherapy, like anthracyclines which induce
the development of multidrug resistance [23]. In either
case, the tumor mass would be constituted mainly of re-
sistant cells at the time of relapse or, as a consequence, a
poor response to first-line chemotherapy and a shorter
OS would be expected following recurrence. In a recent
report [24], adjuvant S-1, compared to surgery alone, was
shown to deteriorate recurrence-free survival as well as
OS after curative gastrectomy when confined to patients
with high intratumoral mRNA expression of thymidy-
late synthase (TS). Although high TS expression is well
correlated with resistance to 5-FU [25] derived from S-1,
these findings suggest that biologically more aggressive
cancer cells could be induced by the S-1 administration
in a tumor with high TS expression.

Irrespective of types of regimens, adjuvant chemo-
therapy was reported to be significantly associated with
a low probability of response to first-line chemotherapy
and shorter survival following recurrence in patients
with recurrent breast cancer [21]. However, in the present
study, adjuvant treatment with 5-FU agents other than
S-1 showed modest effects on OS and RR compared to
adjuvant S-1, though adjuvant S-1 adversely affected OS
and RR in recurrent gastric cancer patients, as shown in
figure 1 and table 3. It is not clear whether this difference
in adverse effect between S-1 and other 5-FU agents de-
pends on the ability in inducing chemoresistant cells of
the respective agent.
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