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Figure 1. Nifedipine inhibits VSMC dedifferentiation in culture. Differentiated VSMCs cultured on laminin-coated dishes were transferred
to laminin-uncoated dishes to induce dedifferentiation and then cultured in medium containing 5% FBS in the presence or absence of
nifedipine (50 umol/L). Cells were then immunostained with SMemb (A) and SM2 (C) at 6, 24, 48, and 72 hours after induction of dedif-
ferentiation. Percentages of positive cells stained for SMemb (B) or SM2 (D) were counted after the immunostaining procedure.

*P<0.05 vs VSMCs without nifedipine.

cantly inhibited both upregulation of SMemb (Figure 3A and
3B) expression and downregulation of SM2 (Figure 3C and
3D) expression induced by dedifferentiation. These findings
indicate that the Akt signaling is involved in dedifferentiation
of VSMC:s in culture.
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Figure 2. Nifedipine inhibits the Akt signaling upregulated by
VSMC dedifferentiation. A, Phosho-Akt expression after induc-
tion of VSMC dedifferentiation with or without nifedipine

(50 umol/L) was determined by Western blot analysis. B,
Phospho-Akt expression was quantified by densitometric analy-
sis from 4 independent experiments. Data are normalized for
a-tubulin and expressed as the mean+=SEM (n=5). *P<0.05 vs
VSMCs without nifedipine.

Nifedipine Inhibits the Akt Signaling in the
Intimal VSMCs In Vivo

Next, we examined whether nifedipine inhibits the Akt signaling
during VSMC dedifferentiation in vivo. As shown in Figure 4,
phospho-Akt was highly expressed by actin-positive VSMCs in
the intima. Nifedipine treatment significantly inhibited the Akt
signaling in intimal VSMCs. In contrast, phospho-Akt—positive
endothelial cells were present in the regenerating endothelium of
nifedipine-treated arteries, suggesting that the Akt signaling in
the endothelium is not affected by nifedipine.

Nifedipine and Downregulation of Akt Inhibit
VSMC Dedifferentiation In Vivo

To test whether nifedipine inhibits VSMC dedifferentiation
through downregulation of the Akt signaling in vivo, we eval-
uated the effect of nifedipine treatment and Akt gene transfer on
VSMC dedifferentiation in the balloon injury model. Nifedipine
treatment significantly suppressed the intimal hyperplasia (Fig-
ure SA and 5B) and inhibited upregulation of SMemb expression
and downregulation of SM2 expression in the intima (Figure
5C). Downregulation of Akt by transfer with DN-Akt was as
effective as nifedipine at inhibiting hyperplasia and VSMC
dedifferentiation in the intima. Conversely, upregulation of Akt
by transfer with CA-Akt reversed the inhibition of VSMC
dedifferentiation. These findings may provide causal evidence
that the modulation of the Akt signaling is responsible for
inhibiting VSMC dedifferentiation by nifedipine treatment.

Discussion
Calcium antagonists are widely used in the treatment of
hypertension and angina pectoris. Recent evidence suggests
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Figure 3. Downregulation of Akt inhibits VSMC dedifferentiation. Differentiated VSMCs were infected with LacZ or DN-Akt for 48 hours.
VSMC dedifferentiation was induced in these cells, and VSMCs were then harvested at 0, 30, and 180 minutes after induction of dedif-
ferentiation. SMemb expression (A) and SM2 expression (C) by were determined by Western blot analysis. Then, the blot was reprobed
for a-tubulin to confirm equal loading of protein in each well. SMemb expression (B) and SM2 expression (D) were quantified by densi-
tometric analysis from 5 independent experiments. Data are normalized for a-tubulin and expressed as the mean+SEM. *P<0.05 vs

VSMCs treated with LacZ.

that these drugs improve the clinical outcome in patients with
certain cardiovascular diseases.2® Generally, nifedipine and
other dihydropyridine derivatives are considered to retard
VSMC proliferation by reducing the cellular availability of
calcium and interfering with the calcium-calmodulin complex
to inhibit VSMC proliferation and migration. In addition,
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Figure 4. Nifedipine inhibits upregulation of the Akt signaling in
intimal VSMCs but not in the endothelium after the rat balloon
injury model. Nifedipine was administered for 3 weeks at 0.3
mg/kg per day. The balloon injury was performed 1 week after
the administration of nifedipine. Expression for a-actin,
phosphor-Akt, and von Willebrand factor was immunostained
in injured arteries at 2 weeks after the balloon injury.

nifedipine has been shown to modulate low-density lipopro-
tein metabolism by macrophages. However, it has not been
clear whether the Akt signaling is involved in the beneficial
effect of calcium antagonists on the development of cardio-
vascular diseases.

In the present study, we showed that nifedipine inhibits
VSMC dedifferentiation and suppresses neointimal thicken-
ing after balloon injury. The nifedipine concentration used in
this study does not reduce the blood pressure; this suggests
that it has an antiatherogenic effect that is independent of its
influence on blood pressure. This finding is consistent with
that of studies that have reported the inhibition of atheroscle-
rosis through a direct antioxidant effect of calcium antago-
nists on endothelial cells'®!!; these studies have also reported
that calcium antagonists exhibit an antiatherogenic action
without causing any reduction in the blood pressure or
changes in the plasma lipid profile.?!

PDGF-BB was overexpressed at sites of VSMC prolifera-
tion after balloon injury of the vessels and at sites of
atherosclerosis, suggesting its role in the development of
intimal thickening. In fact, blocking of PDGF-BB or its
receptor has been reported to inhibit neointimal thickening.'
Therefore, PDGF-BB seems to be responsible for the pheno-
typic changes and VSMC dedifferentiation in vivo. Recently,
costimulation with PDGF-BB and interleukin 13 has been
proved to induce sustained activation of Akt and p70S6K.>?
In the present study, we showed that nifedipine suppresses
PDGF-induced increases in phospho-Akt expression. Our
preliminary experiments also showed that nifedipine inhibits
increases in both phosho-Aktl and phospho-Akt2 (data not
shown). These findings suggest that nifedipine inhibits
PDGF-induced neointimal thickening by suppressing Akt
phosphorylation and VSMC dedifferentiation.
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Figure 5. Nifedipine or DN-Akt transfer inhibits both VSMC proliferation and dedifferentiation in the intima after the balloon injury. Ni-
fedipine (0.3 mg/kg per day) was administrated for 1 week before the balloon injury. DN-Akt gene transfer significantly suppressed neo-
intimal thickening similar to nifedipine treatment. After the staining for hematoxylin-eosin (A), intima:media ratio (/M ratio; B) was calcu-
lated (n=>5 in each group). *P<0.05 vs the I/M ratio of the LacZ or Ad-CA-Akt groups. C, Expression levels for a-actin, SM-2, and
SMemb in the intima were compared among 5 groups (LacZ, nifedipine+LacZ, DN-Akt, CA-Akt, and nifedipine+CA-Akt) after the

immunostaining.

Nifedipine suppressed the increased phospho-Akt expres-
sion in vitro. Moreover, treatment of injured arteries with
nifedipine reduced Akt phosphorylation in the neointimal
VSMCs in vivo. These results indicate that nifedipine sup-
presses the activation of Akt signaling and thereby inhibits
VSMC dedifferentiation. In contrast, nifedipine did not affect
the Akt signaling in the endothelial cells of injured arteries.
This finding is reasonable because endothelial cells are not
known to have any receptors for calcium antagonists. This
result is also supported by our previous finding that nifedi-
pine indirectly enhances NO production by endothelial cells
by stimulating vascular endothelial growth factor release
from the VSMCs.?* Our present findings have the important
implication that regeneration of endothelial cells and upregula-
tion of endothelial NO synthase expression via Akt signaling
activated by vascular endothelial growth factor and other growth
factors may not be suppressed by calcium antagonists.24-25

The number of functional L-type calcium channels signif-
icantly decreased in dedifferentiated VSMCs and increased
on differentiation.?¢ This is consistent with our finding that

nifedipine inhibits the dedifferentiation of differentiated
VSMCs, thereby suppressing the development and progres-
sion of atherosclerosis.

Perspectives

We demonstrated that nifedipine, an L-type calcium channel
antagonist, inhibits upregulation of the Akt signaling in
VSMCs but not in the regenerating endothelium. Our results
also suggest that modulation of the Akt signaling by nifedi-
pine leads to an inhibition of VSMC dedifferentiation in
injured arteries. These findings may provide new insights into
the mechanisms underlying the beneficial effects of calcium
antagonists in the treatment of cardiovascular diseases.
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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 Y ASUDA%and Keisuke FUKUOY?

U A dminist Food Siences and Nutrition Major, Graduate School of Human Environmental Sciences, Mukogawa Women's University
PDepartment of Food Sciences and Nutrition, School of Human Environmental Sciences. Mukogawa Women's University
9 Department of Geriatric Medicine, Osaka University Graduate School of Medicine
9Department 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 apoptosis 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 hvasa, MD,t Masayuki 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 oo (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
c-kit or PDGFRA mutations.

Data on patients’ age, sex, tumor location, symptoms,
pathologic findings, ¢-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 50HPF) Mutation Classification
64 F Melena Second part 60 Gastrojejunostomy - - — <5 Exon !l Intermediate
58 F Melena Second part 70 Pancreaticoduodenectomy - + + <3 NA Intermediate
70 F Abdominal Fourth part 150 Partial duodenal resection + + + <5 Exon 13 High

mass

67 F Absent First part 60 Partial duodenal resection - + + <5 Exon 11 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 fieid: 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, 1 for exon 9, and [ 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
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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
n=17 (n=25) n=9 P
Age (y) 0.50
Median 65 (39-75) 67 (48-82) 59 {45-86)
(range)
Sex 0.10
Male 1 (14%) 13 (32%) 2(22%)
Female 6 (86%) 12 (48%) 7 (78%)
Clinical Symptom 0.034
Absent 1 (14%) 17 (68%) 4 (44%)
Present 6 (86%) 8 (32%) 5 (56%)
Immunohistochemistry
KIT 0.53
Positive 6 (86%) 22 (88%) 9 (100%)
Negative 1 (14%) 3 (12%) 0 (0%)

CD34* 0.049
Positive 4 (67%) 23 (96%) 6 (67%)
Negative 2(33%) 1 (4%) 3(33%)

Tumor size {cm)7 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
<5 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 11 4 (66%) 12 (86%) 1 (50%)
Exon 13 1 (17%) I (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
(@ =6) (n=8) @=5)
Anemia 2 (33%) 2 (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%%)
Others 0 0 2 (40%)

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 (£ = 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 prognostic 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% CT) 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) 0.009 158.1 (3.9-6374.0) 0.007
Tumor size (> 5cm) 1.6 (0.45-5.7) 0.47 — —_
Mitotic index ( = 5/50 HPF) 5.1 (1.1-23.8) 0.038 37.0 (2.3-596.7) 0.011
Location (duodenum) 5.1(1.1-23.3) 0.035 10.9 (1.1-111.1) 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.'®!? 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.S 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 IU/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
[71.

On the other hand, a bursectomy causes some surgical
stress when performed in addition to a D2 lymph node

@ Springer



World J Surg

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. c¢T3), 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

@ Springer

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 peritoneun 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
petformed 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, anastomotic 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 IITII gastric cancer patients was reported
[11, 12]. Since then, adjuvant S-1 chemotherapy has been a
new standard treatment for stage TU/TIH gastric cancer patients
in Japan. However, because any adjuvant treatment includ-
ing S-1 was not allowed after surgery in our study, 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

l l

1 104 assigned bursectomy l r 106 assigned nonbursectomy I

103 received allocated surgery 105 received allocated surgery

1 protocol violation
(1 underwent bursectomy)

1 protocol violation
(1 did not undergo bursectomy)

104 included in analysis 106 included in analysis

Fig. 1 CONSORT flowchart for patients

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-
sectomy 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,
anastomatic leakage, abdominal abscess, bowel obstruction,
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