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Introduction

The origin of gastrointestinal stromal tumor (GIST),
the generic name for gastrointestinal mesenchymal tu-
mors in a narrow sense, is said to be Cajal’s interstitial
cells that exist in the gastrointestinal muscle layer. It is
important to objectively evaluate the biological malig-
nancy of GIST, which is potentially malignant, but it is
difficult to determine its malignancy by histology at
present. The Ki-67 labeling index has recently been
used as an excellent index of cell growth; the index is
calculated by immunohistochemically evaluating the
cell growth-related antigen Ki-67, using the monoclonal
antibody MIB-1 [1]. In this article, the utility of the
Ki-67 labeling index as an index of malignancy was
assessed first, and then changes in malignancy were
investigated in a patient with primary gastric stromal
tumor who underwent a total of five reoperations
because of recurrences in the peritoneum.

Patients and methods

Fifteen patients with gastric stromal tumors who under-
went surgical resection at our department between
April 1997 and July 2002 were retrospectively analyzed.
Three patients who had metastasis at the time of the
initial operation, or recurrence after operation, were
classified as the metastasis/recurrence group, while 12
patients who were alive without postoperative recur-
rence were classified as the benign tumor group. As
prognostic determinants, we examined age, sex, mean
maximum tumor diameter, presence of hemorrhage
from tumor, presence of tumor necrosis, and the pattern
of macroscopic growth type, investigated by clinical pa-
thology, while the mitotic index (the frequency of mito-
sis in ten visual fields at a magnification of �400), p53
expression, c-kit protein, CD34, alpha-smooth muscle
actin (SMA), S-100 protein, desmin, vimentin, and the
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Ki-67 labeling index (the number of MIB-1-positive
cells determined by counting 1000 cells at a
magnification of �400) were examined by histopathol-
ogy. In an 84-year-old woman in the metastasis/recur-
rence group who underwent a total of five reoperations
because of recurrences in the peritoneum, changes in
the malignancy of the gastric stromal tumor were as-
sessed. At each operation, resected peritoneal tumors
were examined in order to calculate the Ki-67 labeling
index. The significance of differences was determined
by the �2 test or t-test, and the level of significance was
set at P � 0.05.

Results

The mean maximum diameter, mitotic index, and Ki-67
labeling index showed significant differences between
the two groups. Briefly, the mean maximum tumor di-
ameter was significantly larger in the metastasis/recur-
rence group (186.7 � 80.8mm) than in the benign tumor
group (41.3 � 22.9mm), and the mitotic index was
significantly higher in the metastasis/recurrence group
(88.3 � 5.0/50 high-power fields [HPF]) than in the
benign tumor group (3.0 � 2.9/50 HPF). The Ki-67 la-
beling index was also significantly higher in the metasta-
sis/recurrence group (11.4 � 2.5%) than in the benign
tumor group (0.01 � 0.51%) (Table 1). Further, the
mitotic index was significantly correlated with the Ki-67
labeling index (r2 � 0.93; P � 0.001; Fig. 1). When

gastric stromal tumor was divided into types according
to Rosai’s immunohistological classification [2], the
relative incidence was uncommitted type (11 patients)
� smooth muscle type (3 patients) � neural type (1
patient) � combined type (none), and no relationship
to malignancy was noted. All patients were negative for
p53 expression.

On June 19 1998, the patient under consideration
underwent the first operation because of primary gastric
stromal tumor. Subsequently, she underwent a total of
five reoperations because of recurrences in the perito-
neum (Fig. 2). She had metastasis to the liver 3.5 years
after the initial operation and died of metastasis to the
liver and peritoneum. The intervals until the detection
of recurrence by abdominal computed tomography
(CT) examination tended to decrease gradually, from
322 days to 192, 77, 51, 72, and 85 days. The Ki-67
labeling index of malignancy was 13.9% at the time of
the initial operation, and it subsequently changed to
26.5%, 32.9%, 16.1%, 37.0%, and 26.7% (Figs. 2 and 3).
The Ki-67 labeling index, showing the malignancy of the
gastric stromal tumor, varied with each operation, and
tended to be higher at the time of reoperations than at
the time of the initial operation.

Discussion

The diameter of the tumor and the mitotic index have
been reported as useful indexes of the biological malig-

Table 1. Comparison of clinicopathological and immunohistochemical factors by presence of metastasis or recurrence of gastric
stromal tumors

Benign tumor Metastasis/recurrence
group (n � 12) group (n � 3) Statistical analysis

Age (years; mean � SD) 66.6 � 9.1 69.0 � 13.7 NS
Sex (male/female) 5/7 2/1 NS
Size (mm; mean � SD) 41.3 � 22.9 186.7 � 80.8 P � 0.001
Macroscopic (Endoa/Exob/Intrac/Mixedd) 1/3/5/3 1/2/0/0 NS
Ulcer formation (positive/negative) 0/12 1/2 NS
Hemorrhage (positive/negative) 1/11 2/1 NS
Necrosis (positive/negative) 0/12 0/3 NS
Mitotic index (/50 HPF; mean � SD) 3.00 � 2.9 88.3 � 5.0 P � 0.001
Ki-67 labeling index (percentage; mean � SD) 0.01 � 0.51 11.4 � 2.5 P � 0.001
c-kit protein (positive/negative) 12/0 3/0 NS
CD34 (positive/negative) 10/2 3/0 NS
Vimentin (positive/negative) 10/2 3/0 NS
SMA (positive/negative) 3/9 0/3 NS
S-100 protein (positive/negative) 0/12 1/2 NS
Desmin (positive/negative) 2/10 0/3 NS
p53 protein (positive/negative) 0/12 0/3 NS

HPF, high-power fields; SMA, smooth muscle actin; NS, not significant
a Endoluminal
b Exoluminal
c Intramural
d Mixed
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nancy of GISTs. However, because patients with low
values for tumor diameter or mitotic index are not nec-
essarily disease-free after operation, longterm follow-up
is essential. Rosai [2] classified tumors as “malignant”, if
the mitotic index value was 5/10 HPF or more and the
tumor diameter was 5cm or more. On the other hand,
Amin et al. [3] classified tumors as “malignant” (mitotic
index, �5/50 HPF) irrespective of the tumor diameter;
“borderline” (mitotic index, �5/50 HPF and tumor di-
ameter, �5cm); and “benign” (mitotic index, �5/50
HPF and tumor diameter, �5cm), preparing evaluation
criteria based on the pattern of mitosis and the diameter
of tumors. Shimoda et al. [4], who investigated 140 pa-
tients with gastric stromal tumors, reported that tumor
diameter of more than 10cm, mitotic index of more than
10/200 HPF, and a Ki-67 labeling index of more than
10% were independent indicators of poor prognosis on
multivariate analysis, and they found that the Ki-67 la-
beling index was more than 10% in all of the patients
with a mitotic index of more than 10/200 HPF. There is a

problem of differences in the calculated frequencies of
mitosis by various pathologists, and the interval until
fixation is known to affect the frequency of mitosis. The
Ki-67 labeling index, which is determined immuno-
histochemically by evaluating the cell growth-related
antigen Ki-67, using the monoclonal antibody MIB-1,
has recently been used as an index of cell growth, and
the prognosis of GISTs was reported to be significantly
poor when the Ki-67 labeling index was 10% or more [5].
The mitotic index reflects the M stage of mitosis only;
but, because the Ki-67 labeling index can recognize most
of the proliferating cells in stages G1, S, G2, it is consid-
ered to be more appropriate as an objective index of the
malignancy of GISTs. In our investigation, the 3 patients
in the metastasis/recurrence group all had a Ki-67 label-
ing index of 10% or more, significantly higher than the
value in the other 12 patients, who were in the benign
tumor group.

In general, the malignancy of GISTs in the stomach is
known to be lower than that in the small intestine, if

Fig. 1. Correlation of mitotic index and
Ki-67 (MIB-1) labeling index. HPF, high-
power fields

Fig. 2. Changes in malignancy in patient
with peritoneal recurrence. Hatched bars
show period to recurrence, and the solid
line shows the Ki-67 labeling index
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there is no difference in the tumor diameter or the
frequency of mitosis; the curative resection rate for
gastric stromal tumor and the 5-year survival rate after
curative resection have been reported to be 95%–99%
and 75%–83%, respectively [6–8]. Although most of the
recurrences have been reported to occur in the liver
(40%–56%) or peritoneum (11%–40%), no effective
treatments have been established [9]. Unlike the prog-
nosis of the primary GIST, that of peritoneal metastasis
of gastric stromal tumor has been reported to be favor-
able, if lesions can be resected completely [10]. How-
ever, no conclusive evidence has been obtained for the
efficacy of several operations because of recurrence
to the peritoneum. Although some life-prolonging ef-
fect may be obtained, the efficacy of repeated surgical
resection may be limited in terms of the burden on the
patient and therapeutic efficacy. The patient we investi-
gated had undergone five reoperations; finally she died
of the primary disease, because of the metastasis to the
liver (3.5 years after the initial operation) and because
of the metastases to the peritoneum. In this patient, the
interval to recurrence tended to decrease gradually, and
the malignancy of the gastric stromal tumor, evaluated
by the Ki-67 labeling index, was higher at the time of

recurrences than at the time of the initial operation. Our
impression was that the tumor became more brittle and
was therefore more easily broken with the increasing
number of reoperations, but the possibility cannot be
ruled out that intraperitoneal scattering of tumor cells
occurred due to surgical manipulation. Further, it also
appears possible that surgical invasion has some influ-
ence on the DNA of tumor cells and that cytokines or
the like, which are formed as an indirect effect, have a
biochemical influence (e.g., by causing dedifferentia-
tion), and this causes the gradual increase of the Ki-67
labeling index, as an index of malignancy.

It has recently been clarified that the autoactivation
of tyrosine kinase due to the upregulation of the c-kit
gene is related to the essential proliferation of GIST
cells, and imatinib mesilate (STI-571), which inhibits
the autoactivation of tyrosine kinase, has been reported
to be effective as a molecule-targeting treatment [11].
Although the effects of this treatment still remain un-
clear with respect to the efficacy of prolonged use and
adverse reactions, it is expected to be used as a first-line
treatment in patients with unresectable gastric stromal
tumors or patients with metastasis/recurrence. Because
the efficacy of surgical resection alone is considered to

A B
Fig. 3A,B. Changes in Ki-67 labeling index. A Value at the first operation, 13.9%; B at the fifth operation, 37.0%
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be insufficient in patients with gastric stromal tumor
with disseminated metastasis to the peritoneum, the
outcome of operation is expected to be improved by the
introduction of STI-571 in the future.
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