Extended lymphadenectomy for gastric carcinoma

the remaining patients underwent distal gastrectomy.
Splenectomy was performed in 191 patients (36-5 per cent)
and distal pancreatectomy in 22 (4-2 per cent). There was
no significant difference in the type of gastrectomy and
incidence of combined resection between the two groups.
Details of patient demographics and tumour stages have
been reported previously!3.

There were four hospital deaths (0-8 per cent), two
in each group. Two patients suffered from rapid
disease progression and died 3 and S5 months after
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surgery without being discharged from hospital. One
patient died from pneumonia at 46 days and another
died from massive bleeding from the gastroduode-
nal artery 24 days after operation. Complications were
identified in 128 patients (24-5 per cent) and major
surgical complicatons in 49 patients (94 per cent)
(Tuble 1.

The results of univariate analyses of risk factors
for overall postoperative complications are summarized
in Table 2. Ounly pancreatic resection (P = 0-001) and

Table 2 Univariate and multivariate analysis of risk factors for overall complications

Values in parentheses are 95 per cent confidence intervals. *No. of patients registered.
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Table 3 Univariate and multivariate analysis of risk factors for major surgical complications

Values in parentheses are 95 per cent confidence intervals. *No. of patents registered.

prolonged operating time (patients in the upper tertile
for whom the operating tme was more than 297 min;
P = 0-005) were identified as significant independent risk
factors for overall complications (Tzble 2). A BMI of 25 or
.1more was close to significance (P = 0-054).

The results of univariate analyses of risk fac-
tors for major surgical complications are summarized
in Tgble 3. Multivariate analysis identified BMI (P =
0-002), pancreatic resection (P = 0-004), age (§6—65 years,
P = 0.026; over 65 years, P = 0-006) and operating time

Copyright © 2005 British Journal of Surgery Society Ltd ,
Published by John Wiley & Sons Ltd

over 297 min (P = 0-045) as significant indepehdent risk
factors for major surgical complications (Tuble 3).

Discussion

Gastrectomy plus extended systemic lymphadenectomy
(D2 resection) is the standard procedure for gastric
carcinoma in Japan. This approach has resulted in
superior stage-by-stage survival than that observed in
most Western countries and has led to cure for a
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proportion of patients with nodal disease beyond the
perigastric region, although this has not been confirmed
in Western randomized trials!>!6, Although long-term
follow-up revealed significantly better disease-free survival
for the D2 group in the subset with node—posmve cancer!’,
this difference did not extend to all patients in the trial,
in part owing to the unacceptably high mortality rate
associated with D2 resection®. JCOG 9501, a Japanese
mult-institutional prospective randomized trial comparing
D2 with more extended resection, has superior quality
control of surgical procedures and reliability of data' than
retrospective Japanese studies and Western prospective
trials.

The most significant risk factor for both surgical and
overall complications in the present study was pancreatic
resecton, although it should be noted that this was
performed in only 4-2 per cent of patients, compared
with 30-3 and 15-2 per cent in the UK Medical Research
Council (MRC) and Dutch trials respectively'>1¢, The
rate of pancreatectomy was lower in the present series
because a pancreas-preserving technique'8!? was generally
used, whereas distal pancreatectomy and splenectomy were
integral parts of D2 dissection in the Dutch trial unless
cancer was located in the distal stomach. The low morbidity
rate in the present study may well be related to pancreas
preservation!®1?. The success of this approach has also
been reported in a multicentre phase II tial of D2
dissection in Northern Ttaly?°,

Splenectomy, on the other hand, was not an independent
determinant of risk, possibly because it was never
performed with distal gastrectomy in the present series.
In the Dutch randomized wial a high mortality rate after
distal gastrectomy was attributed in part to necrosis of
the remnant stomach as a result of splenectomy and
division of the short gastric arteries?!. The survival benefit
of splenectomy performed solely to facilitate dissection
of lymph nodes close to the splenic hilum has been
questioned, however and a randormzed trial to explore
this issue is ongoing??

Age was not an mdependent risk factor for overall
complications in this study, in contrast to the Dutch
trial in which age over 65 years was a significant risk
factor for hospital death and overall complications?!.
This discrepancy may be atributed to. the fact that
only patients aged 75years or less were eligible for
inclusion in the JCOG 9501!3, whereas other twials
have included older patients!®!%. Japanese patients were,
on average, 8years younger than Dutch patients?’;
consequently the proportion of patients over 65 years of
age was 29-8 per cent in the present series as opposed to
51-3 per cent in the Dutch trial’6. This age distribution
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may account for the very low incidence of perioperative
cardiovascular events in the present series, another factor -
that may have influenced the low morbidity and mortality
rates.

Extended lymph node dissection may be hampered by
excess bodyweight?#~26 and in the present study BMI was
a significant risk factor for major surgical complications.
Caucasians in general have a higher BMI than Japanese
and the incidence of morbid obesity is significant among
patients in the USA and Europe. Only 14-7 per cent of
the present patients had a BMI of 25 kg/m® or greater,
whereas one-third of the US population is obese (BMI
over 27 kg/m?)?’. These data suggest that the patients’
physique favours Japanese padents when major‘ gastric
cancer surgery is performed.

The extent of lymph node dissection (D2 versus D3),
surgical volume and the period in which the operation was
performed had no impact, suggesting that there were no
learning curve issues. Although D2 resection has long been
a standard procedure in Japan, all surgeons in the trial
were experts from specialized centres who had sufficient
experience with D3 resection through numerous other
studies. Of the variables reflecting difficulties encountered
during surgery, prolonged operating time was identified
as a significant independent risk factor for both overall
and major surgical complications. However, amount
of blood loss and blood transfusion were significant
only in univariate analysis; this may be atwributable
to multicolinearity, as these two factors are closely
related.

Gastrectomy with extended lymphadenectomy is feasible
and safe in Japan, provided that older patients with co-
morbidity are excluded and pancreatectomy is reserved
for lesions with direct invasion to the pancreas. Obese
patients should be treated with caution, however, as
they have a significant risk of developing major surgical
complications. Hopefully, with careful patient selection,
appropriate surgical expertise and pancreas and spleen
preservation® where possible, equally good results, rarely
achieved previously?%28, will be realized in the West.
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Individualized Adjuvant Chemotherapy
Guided by Chemosensitivity Test Sequential to
Extended Surgery for Advanced Gastric Cancer
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Abstract. Background and Objectives: Various adjuvant
chemotherapy regimens have been proposed for patients with
advanced gastric cancer; however, the majority of these trials
failed to show a clear survival benefit over surgery alone. In
this study, the feasibility and efficacy of a strategy of extended
surgery combined with individualized adjuvant chemotherapy
for advanced gastric cancer with serosal invasion and nodal
involvement was examined. Patients and Methods: Sixty-four
-patients with advanced gastric cancer underwent gastrectomy
with extended lymph node dissection. After surgery, a
chemosensitivity test by MTT assay, using highly purified
tumor cells, was performed, and the patients received

individualized adjuvant chemotherapy on the basis of the.

results of this chemosensitivity test. Results: Overall survival
in the chemosensitivity-guided chemotherapy (CSC) group
was significantly better than the standard chemotherapy (SC)
and the no-chemotherapy (NC) group (p<0.05). In patients
with stage IV disease, the 5-year survival rate was 38.1% in
the CSC group and 0% in the SC + NC group, respectively,
with a significant difference being observed in the two survival
curves (p<0.01). In patients with paraaortic node
involvement, survival in the CSC group was significantly better
than that in the SC + NC group (p<0.01). On the other
hand, in patients without paraaortic node involyement, no
survival difference was observed between the iwo groups.
Conclusion: The strategy of extended surgery combined with
individualized adjuvant chemotherapy offers a favorable
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survival outcome for advanced gastric cancer patients with
serosal invasion and nodal involvement.

Gastric cancer is one of the leading causes of cancer-related
death, especially in Asia, Africa and parts of Europe (1, 2).
Extended lymph node dissection has been performed for
gastric cancer in Japan, and the survival benefit of extended
surgery has been demonstrated (3, 4). Neverthless, the
prognosis of patients with advanced gastric cancer has not
been sufficiently improved by extensive surgery (5). Therefore,
various adjuvant chemotherapy regimens have been proposed
to improve the postoperative survival. However, there are only
a few reports which show a clear survival benefit of adjuvant
chemotherapy over surgery alone (6).

It is important to select anticancer drugs which are
effective against cancer cells in order to avoid the
unnecessary use of these drugs which may cause adverse
effects, especially after curative operation. In this respect, in
vitro chemosensitivity testing is important (7). A rapid
colorimetric assay was described by Mosmann (8) for
determining the ability of viable cells to convert a soluble
tetrazolium salt, 3-(4,5-di-methylthiazol-2-y1)-2,5-diphenyl
tetrazolium bromide (MTT), into an insoluble formazan
precipitate. The MTT assay is a rapid and quantitative
colorimetric system for determining the chemosensitivity of
human tumor cells; however, the use of this assay for solid
tumor tissues has been limited because of contamination by
nonmalignant cells (9). In a previous study, we determined
chemosensitivity in gastric cancer and colorectal cancer,
using highly purified tumor cells, and showed a correlation
between this sensitivity and clinical response (9-11). Since
then, we have developed a treatment plan to improve the
poor prognosis of patients with advanced gastric cancer.
Gastrectomy, with extended lymph node dissection, was
performed for patients with advanced gastric cancer showing
serosal invasion and nodal involvement. After surgery, the
MTT assay, using highly purified tumor cells, was performed,
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and patients received individualized adjuvant chemotherapy
on the basis of the results of the chemosensitivity test.

In the present study, the feasibility and the efficacy of the
strategy of extended surgery combined with individualized
adjuvant chemotherapy for advanced gastric cancer with
serosal invasion and nodal involvement is examined in a
prospective non-randomized manner.

Patients and Methods

Patients. Sixty-four patients with advanced gastric cancer, admitted
to Wakayama Medical University Hospital, Japan, between 1991
and 1996, underwent gastrectomy with extended lymph node
dissection. This extended surgery was indicated for patients with
advanced gastric carcinoma showing serosal invasion or N2 lymph
node metastases. Total gastrectomy was performed in 49 patients,
distal gastrectomy was performed in 14 patients and
pancreaticoduodenectomy was performed in 1 patient. The lymph
nodes, located perigastrically, around the gastric artery, the hepatic
artery, the splenic artery and the celiac artery and paraaortic nodes
were extensively dissected in all the patients.

The clinical stages of the 64 patients according to the TNM
classification (4th edition) of malignant tumors by UICC were: 7
with stage Ib, 6 with stage II, 10 with stage IIIa, 12 with stage ITIb
and 29 with stage IV. None of these patients had received any
previous antiturnor drugs. Surgical specimens were obtained from
primary gastric lesions and the MTT assay was successfully
performed in 38 patients. '

Informed consent was obtained from the patient and/or the
family twice, in advance of operation and of chemotherapy, in
accordance with the guidelines of the Ethical Committee on
Human Research, Wakayama Medical University, Japan.

Anticancer drugs. The antitumor drugs tested were cisplatin
(CDDP), mitomycin C (MMC), doxorubicin (DOX) and
5-fluorouracil (5-FU). Each drug was diluted in complete medium
at 10-fold therapeutic peak plasma concentration (Cmax x 10),
achieved by intravenous administration of clinical doses (12), as
described in our previous studies (10). The values were 10 pg/ml
MMC, 100 pg/m! 5-FU, 4 pg/ml DOX and 20 pg/ml CDDP. The
complete medium used consisted of RPMI-1640 (Nissui Co., Tokyo
Japan) supplemented wlth 10% heat-inactivated fetal calf serum
(GIBCO, New York, USA), 2 mM L-glutamine and antibiotics
(100 units/m! of penicillin and 100 pg/ml of streptomycin).

Purification of fresh human gastric cancer cells. Freshly excised
tumor tissues were processed using enzymatic digestion, as
previously described (10). Briefly, tumor tissues were dissected into
small pieces, which were immersed in complete medium containing
collagenase (2 mg/ml, type V-S; Sigma), hyaluronidase (10 units/ml,
type IV-S; Sigma), and DNase-1 (0.4 mg/ml; Sigma). After a
40-min incubation at 37°C, the cells were harvested and were
centrifuged on Ficoll-Hypaque (specific gravity 1.077; Pharmacia,
Uppsala, Sweden) gradients at 400 xg for 30 min. The interface was
collected, and suspended at a density of 1x106/ml in complete
medium. Then, the cell suspension was layered on discontinuous
gradients consisting of 10 ml of 100% and 15 ml of 75% Ficoll-
Hypaque. After centrifugation at 400 xg for 30 min, a tumor cell-
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rich fraction was collected from the 75% interface. The tumor cell-
enriched suspension was then layered on discontinuous gradients
containing 4 ml each of 25%, 15% and 10% Percoll (Pharmacia,
Uppsala, Sweden) in complete medium. Centrifugation was
performed at 15 xg for 7 min and tumor cells depleted of lymphoid
cells were collected from the bottom and from the 25% interface.
The cells thus prepared were primarily tumor cells, with less than
10% contamination by nonmalignant cells (9).

MTT assay. Chemosensitivity was assessed using the tetrazolium
salt MTT (Sigma No. M2128) to measure the viability of tumor
cells, as previously described (9, 10). Briefly, tumor cell suspensions
(1x106 cells /ml) were added to each anticancer drug at a final
concentration of Cmax x 10 in 96-well flat-bottomed microtiter
plates (Corning No. 25860), and incubated at 37°C in a humidified
5% CO, atmosphere for 96 h. The chemosensitivity assay was,
assessed in triplicate. Microtiter wells containing tumor cells
without anticancer drugs were used as controls for cell viability,
while wells containing only complete medium were used as controls
for nonspecific dye reduction. After incubation, the plates were
centrifuged, the supernatants were removed and MTT solution
with 10 pM of sodium succinate was added to all the wells. The
plates were incubated for an additional 4 h, and dimethyl sulfoxide
(DMSO) was then added to all the wells; the mixtures were
pipetted thoroughly to dissolve the dark blue crystals. The plates
were then read on a microplate reader (Corona Electric, MTP-32)
using a test wavelength of 570 nm and a reference wavelength of
630 nm. The control wells without tumor cells had an optical
density (OD) of less than 0.005, and the samples in which the OD
was over 0.1 were accepted for the assay. The inhibition rate was
calculated as follows:
Inhibition rate = (1 — OD drug-treated/OD control) x 100

The background of tumor cells (including dead cells) without
addition of MTT had an OD of less than 0.012 after 96-h
incubation, and the influence of dead tumor cells could therefore
be ignored in the present study. The viability of tumor cells was
maintained at 75-90%, during the 96-h incubation (10). The cut-
offs were inhibition rates equal to or more than 74% (10).

Chemosensitivity test-oriented chemotherapy. The MTT assay was
performed in 40 out of 64 patients, succeeding in 38. The patients
received treatment according to the chemosensitivity guideline as
follows: when sensitive drugs could be selected by the MTT assay,
a single drug or combination of two or three drugs were chosen on
the basis of these results; when no effective drugs were identified,
patients primarily did not receive the adjuvant chemotherapy, or
were treated with cisplatin and 5-fluorouracil (FP) at their request; .
when the chemosensitivity test could not be performed, the patients
were treated with FP.

Six out of 38 patients did not receive chemosensitivity-guided
chemotherapy after extended surgery of their own volition,
although suitable drugs had been identified by the MTT assay.

Forty-two patients received adjuvant chemotherapy after
surgery. Thirty-two patients were treated on the basis of the results
of the MTT assay (chemosensitivity-guided chemotherapy group;
CSC), while 17 patients received standard chemotherapy without
any chemosensitivity information (standard chemotherapy group;
SC). Patients were individually treated with the protocols shown in
Figure 1. On the other hand, 15 patients did not receive any
chemotherapy after surgery (no-chemotherapy group; NC).
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Chemosensitivity-guided chemotherapy group (CSC)

Choose a single drug or combination therapy using two or three drugs
as below on the basis of the results of chemosensitivity test { 2 -3 courses).

CDDP;  10-15mgim? day 1-day 5

MMC: 8- 10mg/m? day 1

5-FU: 500 -750 mg/ m? day 1 day § (continuous infusion)
ADR: 20 mg /m? day 1

Chemotherapy without chemosensitivity group
(standard chemotherapy group; SC).

Combination therapy using two drugs as below ( 2 - 3 courses)

CDDP: H0-15mg/m?
5-FU: 500 - 750 mg/ m?

day 1 -day 5

day 1 -day 5 {continuous mfusion)

Figure 1. Treatment protocol of adjuvant chemotherapy. Patients were
individually treated with different protocols. In cases where the sensitive
drugs could be selected by MTT assay, either a single drug or combination
of two or three drugs was chosen on the basis of the results of the
chemosensitivity test. In cases where there were no sensitive drugs, patients
did not receive the adjuvant chemotherapy, or were treated with cisplatin
and 5-fluorouracil (FP) as self-requested. In cases where the
chemosensitivity test could not be performed, patients were treated with FP.

Statistical analysis. Quantitative results were expressed as
mean=standard deviation of the mean. Statistical analysis was
performed by ANOVA and Fisher’s test. Background factors
were compared using the Student’s f-test, the Mann-Whitney
U-test and the y2 test. The survival rates were estimated using the
Kaplan-Meijer method, and the differences were analyzed by
using the log-rank test, to compare the resulting curves of the
treatment groups. Multivariate analysis was examined according
to Cox’s proportional hazard model. A p-value of <0.05 was
considered to be statistically significant. StatView 5.0 software
(Abacus Concepts, Inc., Berkeley, CA, USA) was used for all
statistical analyses.

Results

Patient characteristics. The clinicopathological characteristics
of the patients were shown in Table I. There were no

significant differences in background factors which were

considered to be related to prognosis between the CSC
group and the SC + NC group.

Chemosensitivity of patients with advanced gastric carcinoma.
The MTT assay was performed in 40 out of 64 patients who
received extended surgery, succeeding in 38, but failing in 2
patients because of low OD. The success rate of this assay
was 95%. The chemosensitivity of the patients with
advanced gastric carcinoma is shown in Table II. At a drug
concentration of Cmax x 10, the inhibition rates of tumor
cells for each of the four drugs was around 65%. There was
no significant difference in chemosensitivity between
differentiated and undifferentiated types.

Table 1. Clinicopathological characteristics.

Clinicopathological CSC group SC + NCgroup p
characteristics (n=32) n=32)
Age (yis; average+SD) 57.8+13.0 572113 NS
Gender(male/ female) 26/ 6 22/10 NS
Stage
I ' 2 5 NS
I 3 3
111 12 10
v 15 14
Depth of tumor invasion
t1 2 2 NS
t2 10 11
t3 » 15 12
Lymph node metastases
no 6 7 NS
nl 0 0
n2 26 25
Tumor type '
type 0 2 0 NS
type 1 1 1
type 2 5 7
type 3 18 20
type 4 6 4
Histological type
differentiated 17 14 NS
undifferentiated 15 18
Operation
distal gastrectomy 7 7 NS
total gastrectomy 25 24
pancreaticoduodenectomy 0 1
Curability of surgery
Curative 27 24 NS
Noncuratiive 5 8

There were no significant differences in background factors which were
considered to be related to the prognosis of gastric cancer patients
between the CSC group and the SC + NC group.

Effect of chemosensitivity-guided adjuvant chemotherapy on

~survival of gastric cancer patients. The 5-year survival rate was

56.3% in the CSC group and 28.1% in the SC + NC group,
respectively, presenting a significant difference in the two
survival curves (p<0.05) (Figure 2A). The difference between
the two groups was remarkable in patients with advanced
stage. In patients with stage III disease, the 5-year survival
rate was 66.7% in the CSC group and 30.0% in the SC + NC
group, respectively, although there was no statistically
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Table I1. Chemosensitivity of patients who received extended surgery.

(n=38)
Inhibition rates (%)
CDDP MMC ADR 5-FU
All cases 6623 6621 6423 69+25
Differentiated type 6819 6621 65+21 68£25
Undifferentiated type = 6428 6722 62+25 70£25

Data are expressed as mean + standard deviation (SD).
Differentiated type: well- or moderately- differentiated tubular
adenocarcinoma, papillary adenocarcinoma.

Undifferentiated type: poorly-differentiated adenocarcinoma, signet-
ring cell carcinoma.

significant difference in survival (p=0.19) (Figure 2B). In
patients with stage IV disease, the 5-year survival rate was
38.1% in the CSC group and 0% in the SC + NC group,
respectively, with a significant difference being observed
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Figure 2. Effect of individualized chemotherapy on survival of gastric
cancer patients. A. Overall survival of gastric cancer patients who received
individualized chemotherapy. The 5-year survival rate was 56.3% in the
CSC group and 28.1% in the SC + NC group. There was a significant
difference in their survival curves (p<0.05). B. Survival of gastric cancer
patients in stage III. The 5-year survival rate was 66.7% in the CSC group
and 30.0% in the SC + NC group, respectively; however, there was no
significant difference in the survival curves (p=0.19). C. Survival of gastric
cancer patients in stage IV. The 5-year survival rate was 38.1% in the CSC
group and 0% in the SC + NC group, respectively, with a significant
difference being observed between their survival curves (p<0.01).

between the survival curves (p <0.01) (Figure 2C). To analyze
the characteristics of patients who benefited from the
adjuvant chemotherapy, patients with stage IV were divided
into two groups according to the existence of paraaortic
Iymph nodes metastases. In patients with paraaortic lymph
node metastases, the 5-year survival rate was 42.9% in the
CSC group and 0% in the SC + NC group, respectively, and
there was significant  difference in the survival curves
(p<0.01) (Figure 3A). On the other hand, in patients without
paraaortic lymph node metastases, no survival difference was
observed between the two groups (Figure 3B).

For patients with stage IV disease, a significant difference
in the survival curves was observed between the CSC group
and either the SC group or the NC group (p<0.05),
although the survival difference between the SC group and
the NC group was not significant (Figure 4).

Multivariate analysis of risk factors for prolonged overall
survival. Multivariate analysis of risk factors for prolonged
overall survival was examined according to Cox’s
proportional hazard model. The risk ratio of each factor is
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Figure 3. Effect of individualized chemotherapy on survival of patients with and without paraaortic lymph node involvement. A. Survival of gastric
cancer patients with paraaortic lymph node involvement. The 5-year survival rate was 42.9% in the CSC group and 0% in the SC + NC group,
respectively, with a significant difference in the survival curves (p<0.01). B. Survival of gastric cancer patients without paraaortic lymph node involvement.
No significant survival difference was observed between the CSC group and the SC + NC group.
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Figure 4. Effect of individualized chemotherapy on the survival of gastric
cancer patients in stage IV. When the SC + NC group was divided into
the SC group and the NC group, a significant difference was observed
between the survival curves of the CSC group and the SC group or the NC
group (p<0.05). On the other hand, there was no significant difference in
the survival between the SC group and the NC group.

shown in Table III. Chemosensitivity-guided chemotherapy
was an independent risk factor for overall survival,

Discussion

Surgical resection is the most common approach for the
treatment of patients with advanced gastric carcinoma,
Although, the benefit of D2 lymphadenectomy is yet to be
clarified (13, 14), Japanese surgeons have established D2

Iymph node dissection (15), and some specialized centers in
other countries have shown the benefits of D2 lymph node
dissection (16-22). Furthermore, some Japanese specialists
have performed a pilot study of extended D4 lymph node
dissection (removal of paraaortic nodes in addition to D2
dissecton) for patjents with advanced gastric carcinoma (23,
24). Nevertheless, the prognosis of the patients who have
paraaortic node involvement is still poor (23, 24). Therefore,
we attempted to improve the postoperative survival of such
patients by the combination of extensive- surgery with
adequate adjuvant chemotherapy.

To date, various adjuvant chemotherapy regimens have
been proposed; however, the majority of trials have failed
to show a clear survival benefit over surgery alone (25, 26),
although several meta-analyses have shown the survival
benefit of adjuvant chemotherapy after curative surgery
compared with surgery alone (27-29). The most recent
study conducted by the Japanese Clinical Oncology Group
(JCOG) also could not show the efficacy of adjuvant
chemotherapy (30).

Bearing the problem of drug resistance in mind, the MTT
assay has proven to be a rapid and quantitative colorimetric
system for the determination of the chemosensitivity of tumor
cells, correlating with clinical response (9-11, 31, 32). This
strategy was employed in choosing the regimen of adj_uvént
chemotherapy for advanced gastric cancer patients' who
underwent gastrectomy.

In this study, survival of the patients in the CSC group was
significantly better than that in the SC + NC group. The
difference between the two groups was more remarkable in
patients with advanced stage, especially in patients with stage
IV disease (5-year survival rate: 38,1%). This result is
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Table 1. Multivariate analysis of risk factors for prolonged overall
survival.

Risk factors Hazard ratio D 95%C1
Chemosensitivity-guided 3.636 0.0045 1.491 ~ 8.863
chemotherapy

Peritoneal metastases 2.684 0.0416 1.038 ~ 6.940
Histological type 2.344 0.0670 0.942 ~5.830
Depth of tumor invasion 1.289 0.4197 0.696 ~2.387
Lymph node metastases 1.981 0.0151 1.141~3.437
Curability of surgery 2.894 0.1386 0.709 ~11.816

Multivariate analysis of risk factors for prolonged overall survival was
examined according to Cox’s proportional hazard model. Chemo-
sensitivity-guided chemotherapy was an independent risk factor for
overall survival. ) :

consistent with previous reports (7, 33, 34). In stage IV, it was
patients with paraaortic node involvement who benefited
from the adjuvant chemotherapy. These results suggest.that
adjuvant chemotherapy after extended surgery might prolong
the survival of patients who possibly have micrometastatic
lesions which were not resected during operation.
Noteworthily, when the SC + NC group was divided into its
two counterparts, a significant difference in the survival
curves of stage IV patients was observed not only between
the CSC group and the NC group, but also between the CSC
group and the SC group. Adjuvant chemotherapy in the SC
group failed to show a survival advantage over surgery alone,
although cisplatin and 5-fluorouracil (FP) were used in most
of this group. Therefore, it is suggested that the
chemosensitivity test based on the MTT assay using highly
purified tumor cells would be wuseful for planning
individualized adjuvant chemotherapy, resulting in a
favorable survival outcome.

Several studies are in agreement with our viewpoint.
Kubota et al. have reported that prediction of chemosensitivity
using a histoculture drug-response assay would potentially
contribute to patient survival in gastric cancer (33). The
collagen gel droplet embedded culture-drug sensitivity test
(CD-DST) has been recently developed, and it has been
reported that CD-DST can predict the response to
chemotherapy with a high accuracy in breast cancer patients
(35). Each method of chemosensitivity testing, including our
method, has merits and demerits. Quite recently, so-called
tailor-made chemotherapy has been developed using
biomarkers such as multiple drug-resistant protein (MRP)-1
(36) and dihydropyrimidine dehydrogenase (DPD) (37), but
superiority to bioassays are yet to be established (35).

- 3458

New anticancer drugs have been recently developed, and

. some of them, such as TS-1, CPT-11, paclitaxel and

docetaxel, are already available for gastric cancer. TS-1, in
particular, is a novel oral anticancer drug and has been
reported to be very effective in a phase II clinical trial (38).
These new drugs, as single or combined regimens, will surely
play major roles in chemotherapy against gastric cancer.
However, with efficacy rates less than 50%, potential adverse
effects and high costs, correct selection by chemosensitivity
testing is obviously desirable.

In conclusion, chemosensitivity testing of individual gastric
cancer with highly purified tumor cells using the MTT assay
was useful in choosing effective anticancer drugs for adjuvant
chemotherapy. The strategy of extended surgery combined
with individualized adjuvant chemotherapy offers a favorable
survival outcome for advanced gastric cancer with serosal
invasion and nodal involvement.
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Abstract

" Small gastrointestinal stromal tumors (GISTs) (<3 cm) occasionally are found in the stomach
during endoscopy. There is no consensus about the surgical management of these small tumors,
although this clinical issue is crucial because some of the tumors show unexpected malignant
behavior. In this study, we evaluated the clinical management of patients with gastric GISTs who
underwent surgical resection. Altogether, 31 patients with gastric GISTs were examined retro-
spectively. Surgical resection was fundamentally indicated for the patients with gastric GISTs
suspected to be malignant by endoscopy or endoscopic ultrasonography (EUS). The malignant
grade of the GISTs was evaluated by the mitotic rate, tumor size, and MIB-1 index. EUS was
useful for differentiating benign from malignant GISTs; but by limiting the study to patients with °
small tumors (<3 cm), the diagnostic value of EUS was not satisfactory for defining the surgical
indication. Tumors that were <50 mm were successfully treated by laparoscopic surgery. Of the 31
patients, 4 had a relapse of the disease, and 1 of those 4 patients had a small tumor (30 mm). All
of the recurrerices were classified in the high risk category. Surgery is indicated for gastric GISTs
that are 220 mm or are suspected to be malignant based on EUS findings. Laparoscopic resection
is feasible and is recommended as the treatment of choice for patients with tumors < 50 mm. Risk
assessment can be most useful for predicting recurrence.

G astrointestinal stromal tumors (GISTs) are the most
common nonepithelial, mesenchymal neoplasms
of the gastrointestinal tract."? Grossly, they appear to
arise from the muscular layer, and their presumed origin
from smooth muscle cells has led to the use of such
terms as “leiomyoma,” “leiomyosarcoma,” and “leio-
myoblastoma”.3 However, it has been recognized that

Correspondence to: Hiroki Yamaue, MD. e-mail: yamaue-h@wakay-
ama-med. ac.jp

there are a group of sarcomas arising from the gastroin-
testinal tract that do not have the typical features of
feiomyosarcoma. Recent immunohistochemical studies
have shown that up to 94% of GISTs express CD117, a
KIT protein,"®* and 60% to 70% of GISTs stain for
CD34."%% Therefore, the GIST is now considered a
completely separate entity from leiomyoma and leio-
myosarcoma, which were previously thought to be the
most common soft tissue neoplasms in the gastrointes-
tinal tract.® *
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GISTs occur mainly in the stomach (40-70%),° and
small GISTs of <3 cm are occasionally found in the
stomach during endoscopy because of improvements in
the upper gastrointestinal endoscopic examination.
However, there is no consensus about the surgical
management of such small tumors. This clinical issue is
crucial because some of these small tumors exhibit
unexpected malignant behavior.® Moreover, small tumors
can be resected by a laparoscopic surgical procedure in
most cases,”® and tumor size has been previously re-
ported o be one of the most important prognostic factors
for GISTs. 256

In the present study, we analyzed the clinicopatho-
logic features and evaluated clinical management in 31
patients with gastric GISTs. We also examined the fea-
sibility of the preoperative diagnosis of GISTs using
endoscopic ultrasonography (EUS). We have tried to
formulate guidelines .for the surgical management of
GISTs, especially of tumors <3 cm.

PATIENTS AND METHODS

Patients

A series of 33 patients with submucosal tumors (SMTs)
of the stomach were admitted to Wakayama Medical
University Hospital between 1998 and 2003 and under-
went surgical treatment. Altogether, 31 of those patients
had histologically proven GISTs and were retrospectively
examined in this study. Surgical resection was funda-
mentally indicated for the patients with gastric SMTs
suspected to be malignant.

Methods

The clinical diagnosis before treating the patients was
obtained via gastrointestinal endoscopy, EUS, and com-
puted tomography (CT). EUS was mainly used for diag-
nosing the SMTs in 30 patients; one patient did not
undergo EUS. Qur criteria for endoscopic or EUS findings
being interpreted as possibly malignant were as follows:
ulcer formation, tumors >30 mm, asymmetric margin,
heterogeneous US pattern, existence of an echo-free
area, and rapid growth.

The histologic diagnosis of all tumors was obtained by
microscopy with conventional hematoxylin and eosin
(H&E) staining. Immunohistochemical staining for
CD117, CD34, s-100 protein, vimentine, and «SMA was
also carried out; and CD117- andCD34-positive tumors
were diagnosed as GISTs, The malignant grades of the
tumors were evaluated using the mitotic rate and tumor
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diametér. We used the determination that tumors <5 cm
in diameter with 0 to 4 mitoses/50 high-power fields
(HPFs) were considered benign, and tumors >5 cm in
diameter with 0 to 4 mitoses/50 HPF were considered
low-grade malignant. Tumors with >5 mitoses/50 HPF
were considered malignant.®1°

We also evaluated each tumor using the risk categories
proposed by Fletcher and colleagues.® Tumors <2 cm in
diameter with O to 4 mitoses/50 HPF were considered very
low risk, and tumors 2 to 5 cm in diameter with 0 to 4
mitoses/50 HPFs were low risk. Tumors <5 cm in diameter
with 6 to 10 mitoses/50 HPF or tumors 5 to 10 cm in
diameter with 0 to 4 mitoses/50 HPF were considered
intermediate risk. Tumors >5 cm in diameter with a mitotic
count higher than 5/50 HPF, those >10 cm, and those with
>10 mitoses/50 HPF were classified as high risk tumors.®

Statistical Analysis

Quantitative results were expressed as the
mean = standard deviation of the mean (SEM). The sta-
tistical significance of the difference between the two
groups was determined by Student’s f-test. StatView 5.0
software (Abacus Concepts, Berkeley, CA, USA) was
used for all statistical analyses.

RESULTS

Clinicopathologic Characteristics

The clinicopathologic characteristics of the patients are
shown in Table 1. Seven patients who had symptoms
(e.g., epigastric pain) came to Wakayama Medical Uni-
versity Hospital for further examination; the other 24
patients with no symptoms underwent an ordinary
checkup, at which time an abnormality of the stomach
was detected. No particular differences were observed in -
tumor growth patterns. EUS findings showed a malignant
pattern in 71% and a benign pattern in 26%. The mean
tumor size was 40.2 + 26.2 mm (range 10-120 mm).
Pathologic examinations showed that 64% of the tumors
were malignant, 13% were low-grade malignant, and 23%
were benign based on the classifications of Amin et al.'®

Risk categories were also used for the prediction of
clinical behavior. Altogether, 8 cases were in the high risk
group, 15 were in the intermediate risk group, 4 were in the
low risk group, and 4 were inthe very low risk group. Most of
the cases (74%) were in the high and intermediate groups.

Surgical treatment was performed in all cases, with
laparoscopic partial gastrectomy being performed in al-




30

Table 1.
Clinicopathologic characteristics of 31 patients

Age (years), mean + SD 63.1 £ 13.2
Gender

Male 13 (42%)

Female 18 (58%)
Clinical symptoms

Anemia/bleeding 3 (10%)

Abdominal pain 4 (13%)

None 24 (77%)
Tumor location

Upper third 23 (74%)

Middle third 8 (26%)

Lower third 0
Growth pattern ‘

Intragastric 8 (26%)

Intramural 11 (35%)

Extragastric 12 (39%)
EUS pattern

Malignant 22 (71%)

Benign 8 (26%)

Not done 1 (8%)
Tumor size (mm), average + SD 40.2 £ 26.2
Pathologic malignancy grade

Malignant 20 (64%)

Low-grade malignant 4 (13%)

Benign 7 (23%)
Risk category

High 8 (26%)

Intermediate 15 (48%)

Low 4 (13%)

Very low 4 (13%)
Operation

Laparoscopic partial resection 15 (48%)

Intragastric tumor resection 7 (23%)

Open partial resection 6 (19%)

Open gastrectomy 3 (10%)

EUS: endoscopic ultrasonography.

most half of the cases (48%). Intragastric tumor resection
was performed in 23% of the cases and open partial
gastrectomy in 19%. Open gastrectomy was performed in
only three cases (10%): one proximal gastrectomy and
two total gastrectomies).

The clinical characteristics of patients with benign tu-
mors were compared to those of patients with malignant/
low grade malignant tumors. There were no significant
differences (Table 2).

Correlation between EUS Findings and
Pathologic Malignancy Grade

To assess whether EUS was valuable for differenti-
ating benign from malignant gastric GISTs, a correlation
between EUS findings and the pathologic diagnosis was
examined. Of the 24 cases of malignant or low-grade
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malignant GISTs, 21 were diagnosed as malignant
tumors, and 4 of the 6 benign GISTs were diagnosed
as benign based on EUS findings. There was a signif-
icant correlation between EUS findings and the patho-
logic diagnosis (P < 0.05). The sensitivity and specificity
were 83.3% and 66.7%, respectively, and the accuracy
was 80.0% (Table 3). Clearly, limiting the results to
patients with tumors <3 cm caused the diagnostic value
of EUS to decline. No significant correlation between
EUS and the pathologic diagnosis was recognized.
More importantly, the sensitivity fell to 70.0%, and the
specificity was 80.0%; therefore, the accuracy was only
73.3% (Table 4).

Correlation of Tumor Size with Pathologic
Malignancy Grade and Risk Category

The size of the tumor in malighant or low-grade
malignant cases ranged from 17 to 120 mm (mean 46.8

“mm), which was larger than that in benign cases (mean

19.6 mm, range 11-80 mm) (P < 0.05) (Fig. 1A).
Regarding the risk categories, the risk similarly tended
to increase in proportion to tumor size. Tumor size
ranged from 30 to 120 mm (mean 58.3 mm) in the high
risk group, from 17 to 80 mm (mean 41.9 mm) in the
intermediate risk group, from 24 to 40 mm (mean 31.3
mm) in the low risk group, and from 10 fo 15 mm (mean
12 mm) in the very low risk category (Fig. 1B). How-
ever,- it should be noted that some of the malignant
tumors and those in the intermediate risk category were
<30 mm.

Surgical Treatment

Complete resection with a macroscopic safety margin
of >2 cm was accomplished in all cases. Most of the
tumors that were <60 mm were treated by laparoscopic
surgery. In cases treated by laparoscopic surgery, tumors
with an intragastric growth pattern were treated by lapa-
roscopic intragastric surgery,'’ and tumors showing
inframural or extragastric growth patterns were treated by
laparoscopic partial resection of the stomach. On the
other hand, most of the tumors >50 mm were treated by
open partial resection or gastrectomy. Two of the tumors
<50 mm were treated by open surgery because they were
accompanied by other disease, such as gastric carci-
noma (Fig. 2). None of the tumors ruptured during the
operation. Histologic surgical margins of resected tumors
measured >15 mm in all cases. Among the 31 patients,
one who also had gastric cancer underwent a regional
lymph node dissection, and four patients with large tu-
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Table 2.
Comparison of clinical factors between patients with benign and low-grade malignant/malignant tumors
Clinical factor : Benign (n=7) Low-grade/malignant (n = 24) P

Age (years), mean £ SD 62.4 £ 14.5 63.3 £ 13.1 0.8819 .
Gender '

Male . 5 8

Female 2 16 0.0723
Clinical symptoms

Symptomatic 2 6

Asymptomatic 5 18 0.8493
Tumor location

Upper third | 5 . 18

Middle third 2 6 0.8493
Growth pattern

Intragastric 2 6

Intramural 4 7

Extragastric 1 11 ' 0.2704
Microscopic findings .

Ulcer formation 0 7

No ulcers 7 17 0.1044

Table 3.

Diagnostics value of EUS for the gastric GIST

Pathologic diagnosis (n = 30)

EUS diagnosis Malignant/low-grade malignant Benign
Malignant 20 2
Benign 4 4

To assess whether EUS was valuable in the diagnosis of the malignancy grade of gastric gastrointestinal stromal tumors (GISTs),
a correlation between EUS findings and the pathologic diagnosis was examined. There was a significant correlation between EUS
findings and pathologic diagnosis (P < 0.05). The sensitivity and specificity were 83.3% and 66.7%, respectively, and the accuracy
was 80.0%.

Table 4.
Diagnostics value of EUS for small gastric GISTs (<3.0 cm)

Pathologic diagnosis (n = 15)

EUS diagnosis Malignant/low-grade malignant Benign
Malignant 7 1
Benign 3 4

To assess whether EUS was valuable in the diagnosis of the malignancy grade of small gastric GISTs (< 3.0 cm), a correlation
between EUS findings and pathologic diagnosis was examined. No significant correlation between EUS and pathologic diagnosis
was recoghized. The sensitivity and specificity were 70.0% and 80.0, respectively, and the accuracy was 73.3%.

mors underwent sampling of lymph nodes adjacent to the  Correlation of Recurrence with Malignant Grade
tumors. Although most of these five patients had large or Risk Classification

tumors that were pathologically malignant and were de-

fined as high risk, the histological examination revealed Among 20 malignant tumors, 8 (40%) were defined as
no lymph node involvement in any of them (data not high risk, 11(55%) as intermediate risk, and just 1 (5%) as

shown). low risk in the risk categories. All of the low-grade
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Figure 1. A. Correlation of tumor size with pathologic malig-
nancy grade. Tumors <5 cm in diameter and with 0 to 4 mitoses/
50 high-power fields (HPF) were considered benign, and tumors
>5 cm in diameter and with O to 4 mitoses/50 HPF were low-
grade malignant. Tumors with more than 5 mitoses/50 HPF
were considered malignant. B. Correlation of tumor size with
risk categories. Tumors <2 cm in diameter and with 0 to 4
mitoses/50 HPF were considered very low risk, and tumors 2 to
5 cm in diameter and with 0 o 4 mitoses/50 HPF were low risk.
Tumors <5 cm in diameter and with 6 to 10 mitoses/50 HPF or
tumors 5 to 10 cm in diameter and with 0 to 4 mitoses/50 HPF
were intermediate risk. Tumors >5 cm in diameter and a mitotic
count higher than 5 mitoses/50 HPF, tumors >10 cm, or tumors
with >10 mitoses/50 HPF were classified as high risk.

malignant tumors were classified into the intermediate
risk category, and all of the benign tumors were classified
into the low or very low risk category {Fig. 3).

~ The median follow-up time was 32 months (9-68
- months). No patients received adjuvant or neoadjuvant
therapy with imatinib mesylate. Among the 31 patients, 4
(183%) experience a relapse, and 1 died of a recurrent
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Figure 2. Surgical treatment and tumor size. Laparoscopic
partial gastrectomy was performed in almost half of the cases
(48%). Intragastric tumor resections were performed in 23% of
cases and open partial gastrectomy in 19%. Open gastrectomy
was petformed in only 10% of cases. Correlation of tumor size

and operative methods was evaluated. LIGS: intragastric tumor |

resection; LPR: laparoscopic partial resection; OPR: open
partial gastrectomy; GR: open gastrectomy.

tumor. The site of recurrence was the liver in all cases.
Neither lymph node recurrence nor local recurrence was
observed. These recurfént cases were defined as
malignant by a pathology examination and were classi-
fied in the high risk category (Table 5); moreover, the
MIB-1 index of the tumors in recurrent cases was
9.2 £ 6.8 (2.4~18.1), which was significantly higher than
that in the cases without recurrence 2.1 £ 1.1 (0.7-4.5)
(P < 0.0001) (data not shown}.

DISCUSSION

Endoscopic ultrasonography is considered one of the
most useful tools for preoperative management of GISTs
along with CT and magnetic resonance imaging
(MR1).5"2 EUS is more useful than those examinations
for assessing small tumors. First, it is superior to other
imaging modalities for measuring tumor size accurately.
Moreover, it is a valuable method not only in the differ-
ential diagnosis of a submucosal tumor'®'* but also for
differentiating benign from malignant tumors. Yamada
and colleagues reported of the usefulness of EUS for
defining malignant myogenic tumors and identifying
tumor diameter, shape, ulceration depth, heterogeneity,
and anechoic spaces as predictors of malignancy.'® It
has been reported that the EUS findings associated with
malignancy in the stromal cell tumors were tumor size
(diameter >4 cm), irregular extraluminal border, echo-
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GIST (31 cases)
\ vV v
malignant low-grade malignant  benign
(20 cases; 68%) (4 cases; 13%) (7 cases; 19%)
|
v v v
High Intermediate  Low Intermediate Low  Very low
(8; 40%) (11; 55%) (1;5%)  (4;100%) (3;43%) (4;57%)
Recurrence No recurrence Figure 3. Correlation of recurrence with malignancy

(4 cases; 13 %) (27 cases; 87 %)

grade and with risk classification.

Table 5.
Characteristics of the recurrent cases

Patient Tumor Recurrent Time of Pathologic Risk category MIB-1
(years/gender size (%) site (mm) recurrence (months) malignancy grade index

78/M 70 Liver 15 Malignant High 57

49/M - 30 Liver 18 Malignant High 10.7

62/M 60 Liver 24 Malignant High 181

72/F 56 Liver 24 Malignant High 2.4

The median follow-up time was 32 months (9 to 68 months). Altogether, 4 (1%) of 31 patients and were classified in a high risk

category.

genic foci, and cystic spaces.'?> We have reported the
differential diagnosis of myogenic tumors of the gastro-
intestinal tract,'® and our data were similar to those in the
two reports mentioned above. Most of the myogenic tu-
mors previously diagnosed as smooth muscle tumors are
thought to have been GISTs,'” and therefore the pre-
dictive criteria of EUS findings could be applied.

In the present study, the preoperative differential
diagnosis of EUS for gastric GISTs according to our cri-
teria showed that the sensitivity and specificity were
83.3% and 66.7%, respectively, and the accuracy 80.0%.
When limiting the results to patients with fumors <3 cm,
the sensitivity was as low as 70.0% and the accuracy was
only 73.3%, suggesting that the preoperative diagnostic
value of EUS was not satisfactory for defining the surgical
indication.

Recently, EUS-guided fine-needle aspiration (FNA)
biopsy has been reported to be efficient in the diagnosis
of GIST,"®'® although it is not satisfactory in terms of
differentiating benign from malignant GISTs at this time.
Therefore, we did not use EUS-guided FNA as a routine
examination in this study. However, we do think that the
technique will be useful in the near future for differenti-
ating benign from malignant tumors by improving the
molecular diagnosis.

During the surgical management of gastric GISTs, the
decision to operaie is an important issue, especially for

small, asymptomatic tumors that are found incidentally.
There have been no reports clearly mentioning surgical
indications for gastric GISTs. In this study, we established
operative indications prospectively in the cases suspected
to be malignant based on endoscopic or EUS findings.
This is consistent with a previous report of gastric myo-
genic tumor.2° However, we should keep in mind that the
false-negative rate for a preoperative EUS diagnosis was
fairly high (16.7% for all tumors) and 30.0% for small
tumors. In fact, 10 tumors were <30 mm, and 4 of them
were classified in malignant/borderline risk or intermediate
risk categories; two of those four tumors (the sizes of
which were 20 mm) were diagnosed as benign by EUS.
Therefore, we cannot say definitively that tumors diag-
nosed as benign by EUS are not candidates for surgical
intervention. it has been reported that even in patients
with small tumors (20-50 mm) with a low mitotic rate who
underwent complete resection there have been recur-
rences.?!??

The overall 5-year survival rate for patients with primary
gastric GISTs who underwent complete resection ranges
from 20% to 63%, with a recurrence rate of around 50%
(19-76%).2%2* In addition, the median survival times for
patients whose tumors recur after complete resection are
short, typically only 9 to 16 months.2*2® Therefore, we
propose thai tumors that are 220 mm should undergo
surgery, regardiess of the EUS findings.
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Complete surgical resection with an adequate margin

~ remains the definitive treatment for gastric GISTs. Few

reports have mentioned adequate surgical margins of
gastric GISTs. It has been reported that a 2 cm margin
seems sufficient for gastric GISTs.2® Although the opti-
mum width of the safety margin has not been defined,
several investigators support the idea that it is enough for
complete resection to resect a tumor with a tumor-free
margin.2%2 It has also been reported that an extended
operation has no advantage over local excision for gastric
leiomyosarcoma.?’

Based on these points of view, laparoscopic wedge
resection would be the most appropriate operative
method for gastric GISTs.?%2*2® | aparoscopic intraga-
stric surgery'’ is also a suitable method for tumors
exhibiting an intragastric growth pattern. These methods
are thought to be minimally invasive because of a satis-
factory postoperative course and a good quality of life
after surgery.”21"#¢ However, it is important to avoid
accidental rupture of tumors during laparoscopic proce-
dures because tumor rupture before or during surgery is a
statistically significant prognostic factor indicating a poor
outcome.®® As large tumors tend to rupture, inadequate
laparoscopic handling could cause unexpected rupture of
a tumor. Hence we should not insist on using laparo-
scopic resection, especially for large tumors.

In the present study, all patients with tumors <50 mm

" that were not accompanied by other diseases, such as

gastric carcinoma, were treated successfully by laparo-
scopic surgery. On the other hand, most of the tumors >50
mm were treated by open surgery, There were no tumor
ruptures during operation, and neither lymph node recur-
rence nor local recurrence was observed. We propose
that laparoscopic resection be considered the treatment of
choice for gastric GiSTs that are <50 mm,

The malignancy grade is usually evaluated by the mi-
totic rate and tumor diameter. In the present study, the
method proposed by Amin and colieagues'® was used.
Therefore, large tumors were mostly categorized as
borderline malignant or malignant. Recently, Fletcher and
colleagues have devised a classification of patients with
GIST based on the risk of metastasis. All GISTs should
be considered as having some low malignant potential,
and they should be described in terms of risk assess-
ment, rather than using distinct benign and malignant
categories.>® We classified each tumor according to
these risk categories and compared the conventional
malignancy grade to the risk category. The results

~ showed a good correlation between those two classifi-

cations: 40% of the malignant tumors were defined as
high risk, and all of the benign tumors were classified into
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fow or very low risk categories. It is noteworthy that all of
the recurrent cases were defined as malignant by the
pathology examination and were also classified in the
high risk category. Four of the eight high risk cases (50%)
experienced a relapse; and, according to the risk cate-
gory, we could predict that the small tumor (3 cm diam-

. eter), as shown in Table 4, metastasized to the liver

within 2 years. Therefore, risk assessment can be con-
sidered to be most useful for predicting disease recur-
rence in the present circumstances.

During the past several years, many investigators have
attempted to define more objective indicators. Although
several studies have shown that the MIB-1 index is an
independent factor of a poor outcome,*®>' it does not
provide better prognostication than the conventional
mitosis count.®? In the present study, although the MIB-1
index of the tumors in recurrent cases was significantly
higher than that in the cases without recurrence, one
patient with a tumor (with the MIB-1 index as low as 2.4)
developed liver metastases within 2 years. Therefore, the
MIB-1 index is not a better indicator than the mitosis
count or the tumor size at this stage. Recently, it was
reported that c-kit mutation is an independent prognostic
factor.>® However, it has not yet been proven clinically
useful on an individual-case basis.

CONCLUSIONS

Gastric GISTs 220 mm or that are suspected fo be
malignant based on EUS findings are candidates for
surgery. Laparoscopic resection is feasible and is rec-
ommended as the treatment of choice for gastric GISTs.
However, for tumors >50 mm, the suggested treatment is
open surgery to avoid an accidental rupture. Risk
assessment is thought to be most useful for predicting
recurrence of disease in the present circumstances.
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