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Summary. Gastrointestinal stromal tumors (GISTs)
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possess a wide spectrum of biological properties, from
indolent to highly aggressive. In this study, we evaluated
a set of clinical and pathological parameters for their
predicative values for malignancy of GISTs by
retrospective reviews of tumor specimens and their
relevant medical records from 840 patients. All GIST
cases were first assigned as malignant if they met any of
the following criteria: gross spreads, including liver
metastassis and/or peritoneal dissemination, microscopic
spreads, including lymph node metastasis, infiltrations to
vascular, fat, nerve and muscularis mucosal tissues, or
relapse. The remaining cases were recorded as biological
behavior uncertain. This initial assignment revealed a set
of five morphological features to be associated with
malignancy. They were: mitotic counts greater than 10
per 50HPFs (P<0.0001), muscularis propria infiltration
(P<0.0001), coagulative necrosis (P<0.0001),
perivascular growth pattern (P=0.005), and severe
nuclear atypia (P=0.014). Therefore, a new classification
system, including criteria of 2 gross spreads, 5
microscopic spreads, and 5 histopathological parameters
was developed. All the GIST cases were re-classified
into a group of 485 malignant tumors, and a group of
355 nonmalignant tumors. Patient follow-up data
revealed 5-year disease-free and overall survival rates as
high as 99.3% and 100% for the nonmalignant group,
but low rates of 43.9% and 59.7% for the malignant
group. These results demonstrated a correlation of the
new classification with clinical outcomes. Therefore, this
set of 12 parameters has predictive values for
malignancy of GISTs, and is potentially useful in the
grading of the tumors.
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Introduction

Although gastrointestinal stromal tumors (GISTs)
constitute only 1-3% of all gastrointestinal malignancies,
they are the most common mesenchymal tumors of the
gastrointestinal tract (Miettinen et al., 1998). They
display a wide range of clinical and pathological features
reflecting various biological behaviors. In general,
bigger tumor size and elevated mitotic activities are
associated with poor prognosis, and are also the basis of
the consensus and most accepted criteria for risk
stratification adopted by National Institutes of Health
(NIH) (Fletcher et al., 2002). The NIH criteria categorize
these tumors into four groups: very low, low,
intermediate, and high risk groups.
Although high risk GISTs are generally interpreted
as malignant, since neither a small tumor size nor a low
mitotic activity can rule out malignancy, determination
of the malignant potential of GISTs is still a clinical
challenge (Shirin et al., 2007). This necessitates the
development of a new classification system to identify
less unambiguous parameters associated with aggressive
behaviors. Many clinical and pathological parameters
have been indicated to be useful in the prediction of
aggressive behaviors in GISTs (Cooper et al., 1992;
Haque and Dean, 1992; Ueyama et al., 1992; Tworek et
al., 1999a,b; Nilsson et al., 2005; Takahashi et al., 2007),
such as invasion, coagulative necrosis, liver metastasis
and peritoneal dissemination. In this study, we reevaluated the usefulness of these traditional clinical and
pathological parameters in the prediction of the
malignant potentials in GISTs based on their correlations
with clinical outcomes, which identified a new set of
parameters different from those used by the NIH criteria.
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Materials and methods

Histological evaluation

Tumor specimens

A total of 1-27 hematoxylin and eosin (H&E)
stained slides (with a median of 4 slides) were reviewed
for each case, and were recorded for the following
features: predominant cell type, pleomorphism, nuclear
atypia, necrosis, perivascular growth pattern, mitotic
count, and invasion.
A predominant cell type referred to the cell type
constituting greater than 70% of total cells in the tumor
specimen, including spindle cells, epithelioid cells or
mixed cell type (Trupiano et al., 2002). The severity of
pleomorphism of the tumor cells was defined by the
degree of nuclear atypia that was classified by the
criteria previously described (Yan et al., 2003) with the
following specifications: no or mild pleomorphism
indicated tumor cell nuclei showing little or no
difference in size of nuclei from those of normal cells,
having a diameter transversely equal to that of a
lymphocyte; moderate pleomorphism indicated modest
variation in the size of the nuclei, showing some nuclear
enlargement to a size of approximately that of two
lymphocytes; severe pleomorphism indicated extensive
variation in the nuclear size, or significantly enlarged
nuclei having a size transversely three times of a
lymphocyte in diameter. The severity of nuclear atypia
was further referred to as a focal or diffused pattern
(Miettinen et al., 2005, 2006). A few cases of scattered
focal severe atypia were combined into a group of
moderate atypia for statistical analysis, and diffused
severe nuclear atypia was classified in the severe group
(Fig. 1). Necrosis was classified as coagulative necrosis
identified by the existence of apoptotic or dead tumor
cells (Yan et al., 2003) (Fig. 2). Perivascular growth
pattern was seen where tumor cells packed and grew
around vessels as perivascular collars (Miettinen et al.,
2000b, 2005, 2006) (Fig. 3). Mitotic count is the total
number of mitotically active cells identified from 50
consecutive high-power fields (HPF) at a magnification
of 400x using an Olympus B x 41 microscope with 40x
objective and 10x ocular lens (0.159 mm2). All slides
were first screened for the most proliferative areas prior
to counting the mitoses. Then mitotic counts in 50 HPFs
were recorded as <5/50 HPFs, or ≥ 5 to <10/50 HPFs,
and ≥ 10/50 HPFs.
Tumor growth pattern inside the invaded tissues was
examined under a light microscope and recorded by the
method reported previously (Shiu et al., 1982; Koga et
al., 1995; Trupiano et al., 2002; Fujimoto et al., 2003;
Yan et al., 2003) with modifications. Muscular propria
infiltration or “muscle infiltration” indicated the
presence of tumor cells between smooth muscle fibers as
tongue-like, nest-like or sheet structures, and the fibers
were splayed or dissected by tumor cells (Tworek et al.,
1999a,b) (Fig. 4). Mucosal infiltration was registered
when tumor cells infiltrated inside the normal epithelial
layers (Miettinen et al., 2000b, 2005, 2006). Invasion
into fat (Miettinen et al., 2000a, 2006), nerve, or

Medical records and tissue specimens for 1155
primary mesenchymal tumors of the gastrointestinal (GI)
tract were retrieved within certain clinical ranges from
12 hospitals in Shanghai. The hospitals and clinical
ranges were Zhongshan Hospital, Fudan University,
1993-2006; Cancer Hospital, 1985-2002; Huashan
Hospital, 1980-1999; Huadong Hospital, 1981-2000;
Changning Centre Hospital, 1992-2002; Zhabei Centre
Hospital, 1996-2003; Yangpu Center Hospital, 19902004; Chongming Centre Hospital, 1980-2001; Qinpu
Centre hospital, 1971-2000; Putuo Centre hospital,
1983-2000; The Tenth People’s Hospital, 1998-2003;
and Gongli Hospital, 1996-2003. The 1155 cases were
primary mesenchymal tumors previously characterized
as leiomyoma, leiomyosarcoma, leiomyoblastoma,
schwannoma, stromal or smooth muscle tumors
originating from gastrointestinal (GI) tract.
All tumor specimens were reviewed by at least two
experienced pathologists. Of these, 771 cases from
surgeries were identified as GISTs based on their c-KIT
positivity by immunohistochemistry, or their
histopathologic features. GISTs identified by both
methods similarly recognized spindle cells and
epithelioid variants of tumors. Among the rest of the
non-GIST cases, there were 247 smooth muscle tumors,
31 schwannomas, 4 neurilemomas, 17 fibromatoses, 16
inflammatory fibroid polyps, 28 lipomas, 1 liposarcoma,
18 miscellaneous tumors, and 22 unclassified tumors
that were phenotypically indistinguishable and
morphologically undifferentiated, as well as negative for
c-KIT, CD34, markers of muscle cells and nerve cells.
Another 69 tumor specimens were directly collected by
surgical excision from patients in the clinical
consultation files of Zhongshan Hospital from January
2005 to March 2007. The collection and use of the
human tumor tissues were pre-approved by the
institutional review boards of involved hospitals.
Parameters for evaluation

Tumor specimens associated with patient
demographics and clinical data were retrieved from their
medical records. Parameters selected for analyses were
the following: patient age (<50 years or >50 years) and
gender, complaints and main symptoms, tumor size (<5
cm, >5 cm to <10 cm, and ≥ 10 cm), tumor site
(stomach, duodenum, small intestine, rectum, and others
including esophagus, colon, extra-GI tract, and
unspecified), predominant growth pattern (sub-mucosa,
intramural, outgrowth, and others including extra-GI as
well as unspecified), as well as presence of ulceration,
adhesion, tumor rupture, pedicle, liver metastasis,
peritoneal dissemination, and type of surgical procedure,
curative or palliative.
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vascular tissues, and tumor emboli (Cooper et al., 1992),
and lymph node metastasis were all recorded.
Pathological changes of the tumor stromal structures
were recorded as cystic or hemorrhagic. Slides were
independently reviewed by two experienced pathologists
who did not have access to the patients’ medical records
and were unaware of the disease outcomes.
Immunohistochemical evaluations

Immunohistochemical staining was performed based
on a previously reported method (Hou et al., 2006). One
representative formalin-fixed paraffin-embedded block
from each case was sectioned and subjected to IHC
staining with a panel of antibodies against CD117 (rabbit
polyclonal anti-human c-KIT, diluted 1:150, Dako,
Denmark), CD34 (mouse monoclonal antibody, clone
QBEnd 10, diluted 1:200, Dako), SMA (mouse
monoclonal antibody, clone 1A4, diluted 1:200, Dako),
desmin (mouse monoclonal antibody, clone D33, diluted
1:200, Dako) and S-100 protein (polyclonal, diluted
1:300, Dako). The slides were first treated for antigen
retrieval by the microwave method with 0.01 M citrate
buffer, PH 6.0, and incubated overnight at 4°C. IHC
detection was performed with EnVision–avidin-biotin
based polymer system with a commercial kit (Dako).
Diaminobenzidine was used as the chromogen, and all

sides were counterstained with hematoxylin.
Patient follow-up information

The follow-up information for patients after the
surgery and treatment was provided by the referring
pathologists and clinicians, or obtained from patients and
their family members through direct contact by mailing
and telephone calls.
Tumor classification and statistical analysis

GISTs were first temporarily assigned as malignant
when they displayed any of the following invasive
behaviors: gross spreads, including liver metastasis and
peritoneal dissemination, microscopic spreads to sites,
including lymph nodes, vascular, fat and nerve tissues,
as well as muscularis mucosal infiltration or tumor
relapse. All other cases were regarded as biological
behavior uncertain. Correlation of malignant status with
clinicopathological parameters was analyzed by Chi
square test. Those statistically significant variables
identified by the univariate analysis were entered into a
multivariate analysis with the binary logistic analysis.
Kaplan-Meier method was used to calculate diseasefree survival (DFS) and overall survival (OS) rates for
patients with GISTs in different groups. DFS measured

Fig. 1. Image of H&E stained
GIST specimen showing
severe nuclear atypia under a
light microscope. x 400
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the time from surgery to the time of first tumor
recurrence or the most recent follow-up visit; OS
measured the time from surgery to the time of patient
death related to GIST. Among those, follow-ups for 181
patients with curative resection and 5 patients with
palliative resection were completely lost due to unknown
changes of residential addresses and telephone numbers;
24 patients who had been followed up for less than 1
year were not included in the survival analysis; of the 33
patients with palliative resections, 7 died of other
diseases or accidents within 1 year and were not
included in the DFS data. Therefore, a total of 590
patients were evaluated for DFS. Of those, patients with
palliative resection were included, but patients with
imatinib mesylate therapy were excluded from OS. In
the end, 562 patients were evaluated for OS. Long-rank
test of survival analysis was used to compare DFS and
OS curves as the function of variables, and to identify
significant difference.
Statistic analysis was carried out for all the data with
SPSS 15.0 software (SPCC, Inc. Chicago, IL, USA). A
value of P<0.05 was considered statistically significant.

Results
Clinical and pathological features

Table 1 lists the clinical and pathological features of
GISTs from 840 patients reviewed in the study. The ages
of the patients ranged from 17 to 89 years with a median
of 58 and a mean of 57.4 years of age. There were 486
males and 354 females. At diagnosis, abdominal pains
were presented in 146 patients, abdominal discomfort in
148 patients, palpable mass in 117 patients, and GI
bleeding in 276 patients. At the time of operation, 17
patients developed liver metastases, 37 had peritoneal
dissemination, and 10 patients had both. The tumor sizes
ranged from 0.2 to 35 cm in diameter with a median of
6.0 cm and a mean of 7.17 cm. There were 447 gastric
tumors, 51 duodenal tumors, 202 small intestinal tumors,
81 rectal tumors and 59 tumors at other primary sites (11
esophagus, 8 colon, 19 extra-GI tract, 19 at unspecified
sites with local dissemination, and 2 at multiple sites).
Among them, 569 tumors were predominantly
intramural, 22 were chiefly submucosal, 206 were

Table 1. Univariate analysis of the clinical and pathological parameters used for the assumed classification of GIST malignancy.
Parameters

Classification

Total (840)

Assumed malignancy
no=269

Sex
Age (years)
GI bleeding
Abdominal discomfort
Abdominal pain
Palpable mass
Ulceration
Adhesion
Tumor rupture
Pedicle
Tumor size (cm)
Tumor site

Growth pattern

Cell type

Nuclear atypia
Mitotic count (50HPFs)
Muscle infiltration
Coagulative necrosis
Perivascular pattern
Hemorrhagic change
Cystic change

Male:female
<50: ≥ 50
Yes:no
Yes:no
Yes:no
Yes:no
Yes:no
Yes:no
Yes:no
Yes:no
<5: ≥ 5 to <10: ≥ 10
Stomach (yes:no)
Duodenum (yes:no)
Small bowel (yes:no)
Anorectum (yes:no)
Others (yes:no)
Submucosa (yes:no)
Transmural (yes:no)
Subserosa (yes:no)
Others (yes:no)
Spindle:Epithelioid:Mixed
Spindle (yes:no)
Epithelioid (yes:no)
Mixed (yes:no)
Mild:Moderate:Severe
<5: ≥ 5 to <10: ≥ 10
Yes:no
Yes:no
Yes:no
Yes:no
Yes:no

486:354
230:610
276:564
148:692
146:694
117:723
245:595
251:589
40:800
44:796
332:278:230
447:393
51:789
202:638
81:759
59:781
22:818
569:271
206:634
43:797
675:76:89
675:165
76:764
89:751
159:482:199
469:78:293
288:552
229:611
170:670
398:442
420:420

187:82
100:169
98:171
45:224
63:206
56:213
106:163
164:105
31:238
5:264
50:96:123
89:180
16:253
102:167
33:236
29:240
3:266
173:96
66:203
27:242
141:22:50
192:77
25:244
52:217
2:152:115
54:20:195
186:83
157:112
117:152
147:122
151:118

Bold figures indicate correlation with malignancy; Italicised figures indicate correlation with nonmalignancy.

P value

Rate=32.0%
38.5: 23.2
43.5: 27.7
35.5: 30.3
30.4:32.4
43.2:29.7
47.9:29.5
43.3:27.4
65.3:17.8
77.5:29.8
11.4:33.2
15.1:34.5:53.5
19.9:45.8
31.4:32.1
50.5:26.2
40.7:31.1
49.2:30.7
13.6:32.5
30.4:35.4
32.0:32.0
62.8:30.4
23.0:30.6:58.8
28.4:46.7
32.9:31.9
58.4:28.9
1.3:31.5:57.8
11.5:25.6:66.6
64.6:15.0
68.6:18.3
68.8:22.7
36.9:27.6
36.0:28.1

<0.0001
<0.0001
0.130
0.642
0.002
<0.0001
<0.0001
<0.0001
<0.0001
0.003
<0.0001
<0.0001
0.918
<0.0001
0.077
0.003
0.061
0.145
0.996
<0.0001
<0.0001
<0.0001
0.865
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
0.0001
0.015
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mainly outgrowth or loose attachment to the outer coats
of the GI tract, and 43 had other patterns (18 extra-GI
and 25 unspecified patterns). Adhesion to neighboring

organs was recorded in 251 patients and tumor ruptures
were observed in 40 patients.
The cell types in these tumors were spindle in 675,
epithelioid in 76, and mixed in 89 cases. Mitotic
activities were noted in 543 of 840 tumors, and the
frequency of mitotic figures ranged from 0 to 410 per 50
HPFs with a median of 3 per 50 HPFs, and a mean of
17.8 per 50 HPFs. The frequencies of other
morphological characters were summarized in Table 1.
Immunohistochemistry revealed that CD117, CD34,
α-SMA, S-100 and desmin were positive in 95.2%,
80.0%, 28.9%, 18.0% and 0.4% of the 460 cases,
respectively. All other 380 cases unambiguously
identified by morphological features without
immunohistochemical staining showed typical clinical
and pathological features.
Analysis of clinical outcomes

Fig. 2. Image of H&E stained GIST specimen with coagulative necrosis
showing ghost of dead tumor cells under a light microscope. x 200

Among the 590 patients being followed up for
disease free survival (DFS) and 562 for overall survival
(OS), the DFS ranged from 0.22 to 18.63 years with a
median value of 14.4 years and a mean value of 11.7
years of age. Values for OS ranged from 0.23 to 31.48
years, with a mean of 21.1 years, and a median was not
available. Among all patients with follow-up
information, there were 154 cases of tumor-related
recurrence and 93 deaths. The 5-year DFS and OS rates

Fig. 3. Image of H&E stained
GIST cells grown around
vessels - recorded as
perivascular growth pattern
under a light microscope.
x 200
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were 71.2% and 80.9, respectively.
Correlations of clinical and pathological parameters with
malignancy of GISTs

First, based on the main features of tumor invasion
and metastasis as shown by the two gross spreads, five
microscopic spreads and tumor relapse, of the 840 GIST
cases, 269 tumors were classified as malignant and 571
as biological behavior uncertain (Table 1). From the
presumably malignant GISTs, a set of clinical and
pathological parameters were identified, their
frequencies were recorded and further analyzed by
Univariate analysis in order to assess their predictive
values for tumor malignancy. A set of 19 parameters
were identified to be associated with malignancy (Table
1): male (P<0.0001), younger age (P<0.0001),
abdominal pain (P=0.002), palpable mass (P<0.0001),
ulceration (P<0.0001), adhesion (P<0.0001), tumor
rupture (P=0.0001), tumor size ≥ 10cm (P<0.0001),
smaller bowel (P<0.0001), metastasis to any site outside
the primary lesion (P=0.003), other growth pattern
(P<0.0001), tumor with mixed cell types (P<0.0001),
severe nuclear atypia (P<0.0001), high mitotic count of
≥ 10 in 50 HPFs (P<0.0001), muscle infiltration
(P<0.0001), coagulative necrosis (P<0.0001),
perivascular growth pattern (P<0.0001), hemorrhagic
change (P=0.0001) and cystic change (P=0.015). On the

other hand, tumors with pedicle (P=0.003), gastric
(P<0.0001) and spindle cell types (P<0.0001) were
associated with nonmalignancy.
For the 19 parameters, multivariate analyses
revealed the correlations of 6 clinical and 5 pathological
parameters with malignancy (Table 2). Features of the 5
clinical parameters were being male (P=0.027), a
younger age (P<0.0001), tumor adhesion (P<0.0001),
tumor rupture (P=0.021), a small bowel (P=0.009), and
another growth pattern (P=0.005); the pathological
features were severe nuclear atypia (P=0.014), a high
mitotic rate of ≥ 10 in 50 HPFs (P<0.0001), muscle
infiltration (P<0.0001), coagulative necrosis (P<0.0001)
and perivascular growth pattern (P=0.005). Since a
tumor size ≥ 10 cm only presented a marginal correlation
with malignancy (P=0.056), only the remaining 5
pathological features were deduced as morphological
parameters in situ predictive of malignancy for further
assessment.
Application of morphological parameters in situ predictive
of malignancy

Parameters used for our primary assumption and in
situ morphological evaluation were combined into a new
assessment system that employed a set of 12 criteria: 2
clinical spreads, 5 microscopic spreads, and 5
morphological parameters in situ, alone or in

Fig. 4. Image of H&E stained
GIST cells with invasion into
normal muscularis propria
displaying a nest-like structure
under a light microscope.
x 200
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combination. To test this new system, the same set of
GIST cases were re-categorized into one of two groups:
a malignant group of 485 cases showing features of any
of these 12 parameters, and a nonmalignant group of the
remaining 355 cases. In the nonmalignant group, three
patients had local tumor recurrence but survived disease
free after a subsequent surgical removal of the secondary

tumor without any additional treatment; therefore, these
cases were not regarded as malignant. Based on these 12
parameters, patients in the nonmalignant group had
higher rates of average 5-year DFS and OS, 99.3% and
100%, respectively; while those in the malignant group
had DFS and OS rates of 43.9% and 59.7%, respectively
(Table 3).

Table 2. Multivariate analysis of the clinical and pathological parameters used for the assumed classification of GIST malignancy.
Exp (B) and 95% CI

Sex
Age (years)
Abdominal pain
Palpable mass
Ulceration
Adhesion
Tumor rupture
Tumor size (cm)

Tumor site
Growth pattern
Cell type
Nuclear atypia

Mitotic count
(50HPFs)
Muscle infiltration
Coagulative necrosis
Perivascular pattern
Hemorrhagic change
Cystic change

Male:female
<50: ≥ 50
Yes:no
Yes:no
Yes:no
Yes:no
Yes:no
<5
≥ 5 to <10
≥ 10
Small bowel (yes:no)
Others (yes:no)
Others(Yes:no)
Mixed(Yes:no)
Mild
Moderate
Severe
<5
≥ 5 to <10
≥ 10
Yes:no
Yes:no
Yes:no
Yes:no
Yes:no

Wald

Exp(B)

Lower

Upper

P value

4.9
13.2
0.1
0.4
0.6
22.6
5.3
1
3.5
3.6
6.7
0.8
7.9
0.1
1
5.7
6.0
1
0.5
26.3
48.1
14.0
7.9
2.0
0.6

0.6
0.4
0.9
1.2
0.8
0.3
0.3

0.4
0.3
0.5
0.6
0.5
0.2
0.1

0.9
0.7
1.6
2.3
1.4
0.5
0.8

0.027
<.0001
0.705
0.544
0.448
<.0001
0.021

0.6
0.5
0.5
1.8
0.1
0.9

0.3
0.2
0.3
0.5
0.03
0.4

1.0
1.0
0.8
6.0
0.5
1.7

0.063
0.056
0.009
0.361
0.005
0.714

6.2
7.0

1.4
1.5

27.7
33.4

0.017
0.014

1.3
3.8
0.2
0.4
0.5
1.6
1.3

0.6
2.3
0.1
0.2
0.3
0.9
0.7

2.8
6.4
0.3
0.6
0.8
3.0
2.4

0.479
<.0001
<.0001
<.0001
0.005
0.158
0.458

Bold figures indicate close correlation with malignancy.

Table 3. Re-classification of the 840 GIST cases based on the 12 parameters: 2 gross spreads, 5 microscopic spreads, and 5 morphological
parameters in situ.
Reclassification

Liver metastases
Peritoneal dissemination
Lymph node metastasis
Vascular infiltration
Fatty infiltration
Nerve infiltration
Mucosal infiltration
Mitoses ≥ 10/50HPF
Muscle infiltration
Coagulative necrosis
Perivascular pattern
Severe nuclear atypia

Frequency

27
47
6
46
18
23
86
293
288
229
170
199

Percentage
(%)

3.2
7.6
0.7
5.5
2.1
2.7
10.2
34.9
34.3
27.3
20.2
23.7

Cases
entering

27
37
2
41
9
11
61
159
66
30
10
32

Cumulative cases

Remaining cases

no

Percentage
(%)

5-year
DFS (%)

5-year
OS (%)

no

5-year
DFS (%)

5-year
OS (%)

27
64
66
107
116
127
188
347
413
443
453
485

3.2
7.6
7.9
12.7
13.8
15.1
22.4
41.3
49.2
52.7
53.9
57.7

25.0
6.3
5.9
14.4
16.5
18.1
28.5
30.6
38.6
39.4
39.8
43.9

9.7
8.2
11.2
28.5
30.7
33.8
46.1
46.4
55.7
55.7
56.5
59.7

813
776
774
733
724
713
652
493
427
397
387
355

71.6
73.2
73.3
76.9
77.4
78.0
80.8
94.4
96.0
98.4
99.0
99.3

83.2
86.0
86.0
86.6
86.8
87.1
88.2
97.7
97.4
99.5
99.4
100.0
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Table 4. Classification of GIST cases from patients in the 12 hospitals and clinical consultation according to the reverse order of the 12 parameters.
Classification process

Frequency

Severe nuclear atypia
Perivascular pattern
Coagulative necrosis
Muscle infiltration
Mitotic counts ≥ 10/50HPFs
5 microscopic spreads
2 gross spread

199
170
229
288
293
179
74

Cases entering

199
90
67
87
36
6
0

The Cumulative cases
no

Rate

5-year DFS (%)

199
289
356
443
479
485
485

41.0
59.6
73.4
91.3
98.8
100.0
100.0

35.5
37.4
37.5
41.7
43.2
/
/

The left cases
5-year OS (%)
49.2
51.8
51.5
57.7
59.3
/
/

no

5-year DFS (%) 5-year OS (%)

641
551
484
397
361
355
355

80.1
85.8
91.3
98.0
99.4
/
/

88.0
92.8
96.9
99.6
100.0
/
/

Table 5. Distribution and disease outcomes of 840 GIST cases based on our classification and the NIH consensus stratification systems.
Disease free survival
NIH criteria
Very low
Low
Intermediate
High
Total

Nonmalignant*
84
169
71
31
355

Malignant*

No1

No2

4
48
87
346
485

81
179
97
233
590

5
10
14
125
154

Overall survival

Rate (%)

No1

No2

Rate (%)

6.2
5.6
14.4
53.3
26.1

79
177
93
213
562

0
3
5
85
93

0
1.7
5.4
39.9
16.5

No1: number of patients with follow-up information; No2: number of patients with recurrence or death; *: these are classifications based on the 12
parameters described in the paper.

The classification process revealed two important
findings. First, application of the 2 gross spreads and 5
microscopic spreads alone resulted in a malignant group
of only 188 (22.4%) cases. Despite the significant
differences in the rates of DFS and OS between the
malignant and the remaining groups (P<0.0001), there
were still 81 recurrences and 40 deaths in the remaining
group. However, after the 5 morphologic parameters in
situ were applied, there were overall 479 (98.8%) of
malignant cases identified and only 6 cases were left,
and DFS and OS rates were 43.2% and 59.3%,
respectively, in the malignant group, and 99.4% and
100%, respectively, in the remaining group (Table 4).
Therefore, only after the addition of 5 morphological
parameters in situ, did the outcomes as indicated by DFS
and OS in the re-classified malignant group significantly
diverge from the nonmalignant group.
Correlations of disease outcome with malignancy or risk
with different classification systems

When the same pool of GIST cases was classified
into different risk groups according to the NIH
consensus risk-group stratification system, 88 cases were
classified into a very-low-risk group, 217 in a low-risk
group, 158 in an intermediate-risk group, and 377 in a
high-risk group. The distributions of all GIST cases by
the NIH system and with our malignant and
nonmalignant classification are shown in Table 5.
Analysis of disease outcomes revealed 125 recurrences

and 85 deaths in high-risk groups, 5 relapses (4 local
recurrences and 1 liver metastases) in the very-low-risk
group, 10 relapses (5 local recurrences, 1 peritoneal
dissemination and 4 liver metastases) and 3 deaths in the
low-risk group, 14 relapses (peritoneal dissemination
and/or liver metastases) and 5 deaths in the intermediaterisk group. These results indicated that the low risk
groups by NIH standard did not show uniformly
favorable outcomes; instead, they included a certain
number of malignant cases. Furthermore, both the
nonmalignant and malignant GISTs classified by our
criteria were distributed in all of the risk levels by the
NIH criteria (Table 5).
Discussion

Since 2002 there have been two dichotomous
approaches to determine the malignancy of GISTs. The
first one is to stratify all GISTs under the generic risk
levels without differentiating tumor natures. This
approach, although popular, often categorises true
benign and borderline GISTs into different risk levels.
The second approach differentiates GISTs into benign or
non-benign ones (Trupiano et al., 2002; Takahashi et al.,
2007), which was the approach adopted in this study.
We approached this problem based on the hallmarks
of malignant tumors proposed by Hanahan and Weinberg
(Hanahan and Weinberg, 2000): immortality, abnormal
growth regulation, self-sufficient growth, escapes from
apoptosis, sustained angiogenesis, invasion and
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metastasis. We focused on invasion and metastasis as the
primary classification criteria to define malignancy
(Eccles and Welch, 2007) since they can be objectively
examined under a light microscope and by a gross
observation. Parameters indicative of tumor invasion and
metastasis include gross spreading to liver and peritoneal
and microscopic spreading to five other sites. Among
them, two gross spreads, liver metastasis and peritoneal
dissemination, are highly objective, and so are the most
reliable (Miettinen, 1988; Cooper et al., 1992; Ueyama
et al., 1992). Based on this, GISTs originating in the
muscularis propria but extending outside their origin at
the time of diagnosis was also regarded as malignant.
The five microscopic spreads are considered less
objective. Another five histological features in situ
identified by multivariate analysis associated with
malignancy were deduced based on the gross and
microscopic spreads. It is interesting that the deduced
parameters, or the histological features in situ, were
more commonly present in malignant tumors, thus
should be more useful than objective parameters.
Objective parameters, such as gross and microscopic
evidence of tumor spreading, are easier to recognized
and be agreed upon among observers. However, gross
and microscopic spreads only exist in one third of
patients with malignant tumors (Table 3). Since the
majority of malignant GISTs were identified by the
histopathological features in situ in our analysis (Table
4), it is important to pay more attention and properly use
them in routine diagnosis.
Firstly, it is known that mitotic index is the most
critical parameter to determine malignancy in the
prognosis of GISTs (Miettinen, 1988), but its threshold
values vary from case to case. High mitotic activity is an
indication of active growth and tumor malignancy. The
threshold for mitotic count has been set at one or more
mitotic figures per 10 HPFs (Shiu et al., 1982; Evans,
1985; McGrath et al., 1987; Carrillo et al., 1997;
Fujimoto et al., 2003), or over five mitoses per 50 HPFs
(Ueyama et al., 1992), or per 10 HPFs (Miettinen et al.,
1995). In rare instances, the threshold values are set at >
2/50 HPFs (Morgan et al., 1990; Goldblum and
Appelman, 1995). Very recently, Huang et al. (2007)
found only high mitotic activity (>10/50 HPFs)
significantly correlated with survival. In our study,
mitoses greater than 10/50 HPFs were fairly secure in
predicting malignancy, but its converse conclusion may
not hold. Cases with relatively few or no mitoses
sometimes also manifested as typical malignant tumors;
therefore, there should not be a rigid limit of mitotic
counts for malignancy. Cases with lower levels of
mitotic counts but showing evidence of other malignant
features should still be confidently diagnosed as
malignant GISTs.
Secondly, challenges and discrepancies exist in
distinguishing muscularis propria infiltration and
interdigitation. GISTs are not encapsulated; their cells
and fibers often integrate with non-tumor cells at the
periphery, or even entrap normal cells in the center of

the tumor. The entrapped smooth muscle cells often
grow in parallel with the tumor cells or occult that can
be detected by α-SMA or desmin immunostaining.
Infiltration should be noted only when tumor cells
protrude destructively as a tongue-like sheet or nest into
smooth muscle tissue, most of which present vertically
with normal tissue and dissected muscularis propria
fibers. Tworek and colleagues found that an infiltrative
growth pattern in the muscularis propria correlated
significantly with both metastasis and death from tumor
(Tworek et al., 1999a,b). Based on their observations,
muscle infiltration could be identified and applied in
diagnosis.
Thirdly, coagulative necrosis has attracted much
attention in recent years. Its many similar forms in
tumors have not been described in detail. For example,
superficial necrosis eroded by mucosal ulceration is not
coagulative necrosis. Ulcers commonly leave deep
necrotic zones within the tumor, and inflammatory
necrosis exists in fistulous tract or in abscess formation.
In these cases, many neutrophil debris and bacterial
colonies can be found in the lesion, thus helping to
differentiate them from coagulative necrosis. Infarction
can be observed by the appearance of an inflammatory
reaction band and foamy histocytes at the peripheral of
necrosis, and sometimes thrombus can also be found in
neighboring blood vessels. Liquefactive necrosis is very
common and should not be mistaken as coagulative
necrosis. It is formed by foci of cystic changes that can
gather to form small or large cysts.
Fourthly, it is worth noticing the special structure of
tumor cells grown around thin vessels. Miettinen and
colleagues also observed this structure in GISTs
(Miettinen et al., 2000b, 2002, 2006), and described it as
“gastrointestinal stromal tumors with extensive
degenerative changes with preserved tumor cells as
perivascular collars” in esophageal GISTs (Miettinen et
al., 2000b), and as “massive coagulative necrosis with
preserved tumor cells as perivascular collars” in small
intestinal GISTs (Miettinen et al., 2006). For the first
time, this study identified its association with
malignancy. Although further exploration is needed to
obtain a mechanistic view, the correlation of such tumor
growth pattern with malignancy may be due to the
following features: (1) It is often accompanied by
coagulative necrosis (Miettinen et al., 2002), a
traditionally accepted parameter predictive of
malignancy or adverse prognosis (Miettinen et al.,
2002); (2) The structure may reflect the needs of tumor
cells for nutrients and oxgen. It forms gradually with
coagulative necrosis, and degeneration occurs in tumor
cells far from the central vessel, possibly due the lack of
nutrients; (3) It is also found in other malignant tumors,
especially highly malignant ones such as hepatic cell
carcinoma, melanoma, and Ewing sarcoma.
Fifthly, severe nuclear atypia or high pleomorphism
has often been mentioned in earlier literature as a
prognostic factor. A good amount of normal
lymphocytes co-existing in the tumor tissue can serve as
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the internal control to determine the size of the cells or
nuclei and to minimize the possible discrepancies among
pathologists.
Presently, only tumor size and mitotic count are
adopted in the NIH consensus criteria (Fletcher et al.,
2002). Royster found that tumor size became a less
effective prognostic indicator when many more
parameters had been integrated into multivariate analysis
system (Royster, 2007). A similar result was obtained by
our multivariate analysis. When more clinical and
pathological parameters were entered into the analytic
system, tumor size only presented marginal correlation
with malignancy; therefore, it is less important than the
histopathological parameters.
Based on the NIH consensus criteria, high risk
GISTs are explained as malignant GISTs because they
are associated with high rates of tumor-related deaths.
However, patients in the very-low-risk, low-risk, and
intermediate-risk groups also display significant
incidences of tumor-related death (Hasegawa et al.,
2002; Nakamura et al., 2005; Nilsson et al., 2005;
Takahashi et al., 2007). For example, in the series
reported by Hasegawa et al., some patients with small
tumors and a few mitoses still showed recurrences/
metastases after surgical removal (Hasegawa et al.,
2002). In the report of Nakamura et al. (2005), in
addition to seven high-grade GISTs, one low-grade (liver
metastasis) and three intermediate-grade GISTs also
showed gross spreads. We found that both nonmalignant
and malignant GISTs were present in all risk groups
from very low to high risk levels; it indicates that the
NIH criteria based on tumor size and mitotic activity
alone may be insufficient to delineate malignant from
nonmalignant GISTs. Nonmalignant tumors of large size
can be incorrectly classified into the high risk group,
especially when the tumor develops part or complete
cystic change, since cystic changes are not uncommon in
GISTs; at the same time, malignant tumors with small
and/or indolent mitotic activities but which present other
parameters predictive of malignancy can be
underestimated for malignancy.
In summary, we identified new clinical and
pathological criteria predictive of malignancy for GISTs.
They are a set of 12 parameters including 2 gross
spreads, 5 microscopic spreads and 5 histological
parameters in situ. Based on the new system, our
evaluation on a large panel of GIST cases made three
important findings: (1) Morphological parameters in situ
are common in malignant cases and more closely reflect
the tumor’s biological nature, therefore, they may offer
higher diagnostic values in differentiating tumor natures.
(2) Perivascular growth pattern is associated with
malignancy of GISTs. (3) Determination of GIST
malignancy based solely on tumor size and mitosis are
not sufficient. Our observations support the classification
of GISTs into malignant and nonmalignant groups
(Trupiano et al., 2002). Patients with nonmalignant
GISTs can be mostly cured by surgical removal alone
without additional therapy; on the other hand, those with

malignant GISTs often show a high frequency of
relapses, and usually require additional medical care and
post-surgical treatment.
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