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Abstract

AIM: To develop a prognostic approach for gastrointes-
tinal stromal tumors (GISTs) using a cluster of indica-
tors and follow-up information.

METHODS: One hundred and four GISTs that had not
been subjected to targeted therapies were collected
and classified by NIH risk assessment and anatomic
location. By immunohistochemistry, the expressions of
PTEN, Ki-67, CD44s matrix metalloproteinase (MMP)-9
and TIMP-1 were detected on tissue microarray. Uni-
variate and multimarker survival analyses were per-
formed and then a COX hazard proportion model was
constructed to evaluate a cluster of predictors of GIST.

RESULTS: Our data showed small intestinal GIST
are more aggressive than gastric GIST. The NIH risk
assessment correlated with disease-free survival for
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either gastric GIST or small intestinal GIST. Immunohis-
tochemical analysis revealed that Ki-67 labeling indexes
(LIs) < 5% predicted higher disease-specific survival
(DSS) in gastric and small intestinal GIST. CD44s posi-
tivity and PTEN LIs = 50% correlated with higher DSS
in gastric GIST. MMP-9 and TIMP-1 had no correlation
with survival. Multimarker analysis revealed that the
expression pattern of PTEN LIs = 50% combined with
Ki-67 LIs < 5% and CD44s positivity reliably predicted
favorable outcomes for gastric GIST (P = 0.009), as did
the combination of PTEN LIs = 50% and Ki-67 LIs <
5% for small intestinal GIST (P = 0.011). Authors also
found that high NIH risk grade was correlated with DSS
in patients with gastric GIST and disease-free survival
in patients with small intestinal GIST.

CONCLUSION: PTEN LIs = 50%, Ki-67 LIs < 5% and
CD44s positivity provides an accurate, favorable prog-
nosis for gastric GIST. PTEN LIs = 50% and Ki-67 LIs
< 5% does the same for small intestinal GIST. Ki-67 LIs
enhances the NIH assessment.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Gastrointestinal stromal tumor (GIST) is the most com-

April 14, 2012 | Volume 18 | Issue 14 |



mon mesenchymal tumor in the alimentary tract. The
principle pathogenesis of GIST has been identified as the
continuous activation of KIT, caused by gain-of-function
mutation in c-kit'"! or platelet derived growth factor o
(PDGFRA)”. Based on this finding, the molecular tar-
geted therapy of imatinib"” or sunitinib™” has achieved
great success.

Clinicians are trying to improve the survival rate of
GIST patients by prophylactic interference of imatinib or
sunitinib, based on the prognosis. Because of the expense
of the targeted therapy, an accurate prognosis is very
important, but prognoses of GIST are highly variable.
Although the NIH risk assessment is currently used as a

standard guideline for localized tumors!”

, many research-
ers consider that evaluation of large cohorts is necessary
for reliable data. Some modifications have been made to
the NIH assessment, to enhance prediction accuracy'™,
Current researchers have also found some molecular in-
dicators, such as p161N1<4a[9], PTEN!"" p53[“’12], p27“3’14],
CD44s"™'" and some other cell-cycle regulatorsm, but
their utility is debated. Despite the mixed opinion, there
are limitations in using one marker for a prognosis. A
tumor is resulted from the accumulation of numerous
molecular incidents, and one prognostic marker may only
be applicable to a minority of patients. Our objective was
to find a multi-marker indicator to improve prognoses
for all patients. PI3K/Akt has been found to be a major
signal transduction pathway in GIsT", Accordingly, we
selected PTEN, the inhibitor of PI3K/Akt, for analysis.
The markers related to adhesion and metastasis, such as
CD44s, matrix metalloproteinase (MMP)-9 and TIMP-1,
were also selected. Ki-67 was chosen to analyze the prog-
nostic value of cell proliferation. All five markers were
detected on tissue microarray of 104 GISTs. Follow-
up survival data was collected. The prognostic values of
these five markers were analyzed and compared to the
NIH risk assessment.

MATERIALS AND METHODS

Case collecting

A total of 155 gastric and small intestinal GISTs were
collected from the archive of the Pathology Department
of Chinese PLA General Hospital. All the tumors were
reassessed by the immunohistochemical panel of CD117,
CD34, SMA and S-100 protein. The cases with CD117
positivity were diagnosed as GIST. One hundred and
four cases were completely followed-up. One hundred
and twenty one samples were obtained from these 104
cases. These tumor samples included primary, recurrent
and metastatic GIST. All the tumor paraffin blocks were
used to construct the tissue microarray.

Risk assessment

Formalin fixed, paraffin embedded, HE stained slides
were reviewed by two experienced pathologists. The
mitotic index was determined by counting 50 adjacent
high-power fields in the most active areas. Using the NIH
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risk assessment'” all the tumors were classified into four
grades of risk: very low, low, intermediate and high.

Tissue microarray and immunohistochemistry

Three tissue cores, 1 mm in diameter, were sampled from
each tumor specimen to construct the tissue microarray
(TMA). The TMA blocks were sectioned at 4 um and
stained with hematoxylin-eosin sequentially. Antigen re-
trieval was carried out with EDTA (pH 8.0; Santa Cruz
Biochemistry, Calif) for 15 min by microwave. The pri-
mary antibody was incubated for 1 h at room temperature
and subsequently detected using a Two-step PicTure™
kit (PV6000, Invitrogen Co. Carlsbad California United
States). The primary antibodies, sources, and dilutions
were as follows: CD117, A4502, polyclonal, Dako A/S
Co. Ltd., Denmark, 1:200; SMA, clone 1A4, Invitrogen
Co. Catlsbad California, United States, 1:100; S-100, clone
4C4.9, Invitrogen Co. Carlsbad California, United States,
1:50; Ki-67, clone K-2, Invitrogen Co. Carlsbad Califor-
nia, United States, 1:50; PTEN, clone 28H6, Invitrogen
Co. Carlsbad California, United States 1:100; CD44s,
clone 156-3c11, Novocastra Laboratories Ltd. Newcastle,
United Kingdom, 1:50; MMP-9, clone 15W2, Novocas-
tra Laboratories Ltd. Newcastle, United Kingdom, 1:25;
TIMP-1, clone 6F6a, Novocastra Laboratories Ltd. New-
castle, United Kingdom, 1:50.

The labeling indexes (LIs, %) of PTEN and Ki-67
were determined by counting 1000 cells in the most ac-
tive area. For CD117, SMA, S-100, CD44s, MMP-9 and
TIMP-1, staining of more than 10% of the tumor cells
was considered positive.

Statistical analysis

All the patients were followed up after the resection of
the tumor. The death of patients with GIST, untreated
with imatinab, was selected as the end point. We analyzed
follow-up data using Stata Statistical Software (Intercooled
Stata 7.0, Stata Co., College Station, TX). The ;(2 test
was used to analyze the expression status of the selected
markers. Survival analysis was performed using Kaplan-
Meier plots and the log-rank test to reveal the prognostic
usefulness of the selected markers. Univariate and mul-
tivariate COX proportional hazard models with both
backward and forward elimination of vatiables were also
constructed to find the most significant factor for prog-
nosis. Statistical significance was set at P < 0.05.

RESULTS

Clinicopathologic features and the follow-up data
In a total of 155 patients, having a male-to-female ratio of
2.5:1 (111 vs 44), there were 83 gastric and 72 small intes-
tinal GISTs. A total of 104 cases had complete follow-up
data. The median follow-up time was 33 mo, within the
range of 3 to 230 mo. Fifty one cases without follow-up
data were excluded from the subsequent survival analysis.
In 83 gastric patients, the male to female ratio was 2.1:1
(55 s 26). The age ranged from 13 to 82 years (mean: 55.4
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years; median: 57 years). The 62 followed-up cases included
42 males and 20 females. Thirteen patients died of GIST,
four were alive with GIST and 45 were disease-free. The sut-
vival time of the 13 died patients ranged from 6 to 132 mo.
The 3-year disease-specific survival rate (DSS) was 80.77%
+ 11.5% and the 5-year DSS was 66.51% £ 17.06%.

In 72 small intestinal patients, the male to female ratio
was 3.3:1 (55 #5 17). The age ranged from 20 to 77 years
(mean: 50.6 years; median: 51.5 years). Forty-two followed-
up cases included 31 males and 11 females. Fifteen patients
died of GIST, four were alive with GIST and 23 were
event-free. The survival time of the died patients ranged
from 3 to 230 mo. The 3-year DSS was 73.65% =+ 14.24%
and the 5-year DSS was 61.76% * 18.30%. There was no
significant difference between the DSS of patients with
gastric and small intestinal GIST (P = 0.274).

There were 23 patients that suffered recurrence, nine
with gastric GIST and 14 with small intestinal GIST. Most
of them were noted to have intra- abdominal spreading, A
total of 16 patients developed metastasis, eight with gas-
tric GIST and eight with small intestinal GIST. Small in-
testinal GIST presented a higher liability to recurrence and
metastasis than gastric GIST (22/42 »517/60, P = 0.013).
GIST metastasized to the liver in 15 cases, indicating that
the liver was another common metastatic site. One of
these 15 patients suffered multi-organic metastases to the
bone, brain and lung at the same time. Beside liver me-
tastasis and abdominal spread, one patient also suffered
metastasis to subcutaneous tissue. Detailed information
on the 155 GISTs is provided in Table 1.

Five patients suffered a secondary malignant tumor.
Two patients with gastric GIST had eatly and advanced
gastric adenocarcinoma, respectively. Three small intes-
tinal GIST patients were found to have early gastric car-
cinoma, sigmoid colonal adenocarcinoma and bile duct
adenocarcinoma, respectively.

Comparison of selected immunohistochemical markers
in gastric and small intestinal GISTs
Sixty-one gastric and 42 small intestinal GIST patients
were included in the analysis of survival data based on
the expressions of selected immunohistochemical mark-
ers. These results are summarized in Table 2 and dis-
played in Figure 1. All 103 GISTs were CD117 positive.
Among these 103 cases, 83 were positive for CD34, 32
for SMA and four for S-100. The expressions of CD44s
and MMP-9 were statistically predominant in small in-
testinal GISTs. TIMP-1 and Ki-67 had no significant
difference between the gastric and the small intestinal
GIST. The expression of Ki-67 was negatively correlated
to PTEN (P = 0.027) and CD44s (P = 0.02). In patients
that died of gastric GIST, the expressions of MMP-9
and Ki-67 were statistically higher than in those who sur-
vived. In contrast, CD44s and PTEN were significantly
lower. The difference in TIMP-1 was not significant.

In patients that died of small intestinal GIST, Ki-67
LIs were much higher than in those who survived, while
PTEN was significantly lower. The other markers, includ-
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In general Gastric Small intestinal
GIST GIST

Total case 153 81 72
Followed-up cases 104 62 42
Age (yr)

<50 38 14 24

=50 64 46 18
Gender

Male 72 41 31

Female 30 19 11
Tumor size (cm)

<2 1 1 0

2.1-5 31 20 11

5.1-10 46 29 17

>10 24 10 14
Mitotic index

< 5/50HPF 54 31 23

5-10/50HPF 15 9 6

>10/50HPF 33 20 13
Risk grade

Very low risk 2 2 0

Low risk 23 14

Intermediate Risk 28 17 11

High risk 49 27 22
Recurrence 22 8 14
Metastasis 15 7 8
Survival rate (%)

3-yr disease specific ~ 76.64+9.38  80.77 +£11.50 73.65+14.24

5-yr disease specific 69.06£11.18 66.51+17.06 61.76+18.30

GIST: Gastrointestinal stromal tumor.

ing CD44s, MMP-9, and TIMP-1, showed no significant
difference.

Significance of PTEN, Ki-67 and CD44s on GISTs
prognosis

For gastric GISTs, PTEN LIs < 50% was significantly
correlated with lower specific survival rate (P = 0.006,
Figure 2B), as was Ki-67 LIs = 5% (P = 0.004, Figure 2C)
and CD44s negativity (P = 0.006, Figure 2D). In a total of
13 patients who died of GIST, there were five with PTEN
LIs < 50%, six with Ki-67 LIs = 5% and eight patients
who lost the expression of CD44s. For small intestinal
GISTs, Ki-67 LIs = 5% significantly correlated with worse
outcomes. Multivariate analysis did not reveal an inde-
pendent factor for gastric or small intestinal GISTs. In a
total of 15 patients who died of GIST, there wete 10 with
Ki-67 LIs = 5%.

No statistically significant difference was observed in
disease specific survival for the patients grouped by the
expressions of MMP-9 or TIMP-1. The balance between
MMP-9 and TIMP-1 also did not correlate with disease
specific survival. We failed to find an independent prog-
nosis indicator after constructing the univariate and mul-
tivariate COX hazard proportional model (Table 3).

Combined analysis of PTEN, Ki-67 and CD44s
Combined analysis revealed that for gastric GISTs, the
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Table 2 Expressions of 5 molecular markers in gastric and small intestinal gastrointestinal stromal tumor

Protein Gastric GISTs Small intestinal GISTs
Positive (%) P value Positive (%) P value
DOD (7 = 13) Alive (n = 48) DOD (7 = 15) Alive (n = 27)
CD44s 5 (38.4) 35 (72.9) 0.020 15 (100) 23 (85.2) 0.397
MMP-9 11 (84.6) 23 (47.9) 0.018 11 (73.3) 22 (81.5) 0339
TIMP-1 7 (53.8) 22 (45.8) 0.608 3(20.0) 14 (51.9) 0.085
PTEN
<50% 5 (38.5) 8 (8.3) 0.014 11 (73.3) 6(222) 0.003
= 50% 8 (61.5) 44 (91.7) 4(267) 21 (77.8)
Ki-67
<5% 7 (53.8) 41 (85.4) 0.022 5(33.3) 24 (88.9) 0.0001
=5% 6 (46.2) 7 (14.6) 10 (66.7) 3 (11.1)

GIST: Gastrointestinal stromal tumor; MMP: Matrix metalloproteinase.

» X =
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Figure 1 Examples of the selected markers expressed in gastrointestinal stromal tumor. A: The tumor cells were strongly positive for CD117 with diffuse mem-
brane staining; B: Nuclear positivity of Ki-67 in the tumor cells; C: Nuclear positivity of PTEN in gastrointestinal stromal tumor; D: CD44s was diffusely positive in tumor
cell membrane; E: Matrix metalloproteinase 9 was diffusely positive in cytoplasm; F: TIMP-1 was diffusely positive in cytoplasm. Immunostains counterstained with
hematoxylin-eosin, original magnifications x 200.
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Figure 2 Kaplan-Meier cumulative survival plots of patients with gastric gastrointestinal stromal tumor. The end point was death due to gastrointestinal stro-
mal tumor (GIST). A: High NIH risk assessment correlated significantly with worse outcomes in patients with gastric GIST (P = 0.004); B: PTEN labeling indexes (LIs)
= 50% correlated significantly with favorable outcomes in patients with gastric GIST (P = 0.006); C: In patients with gastric GIST, those with Ki-67 Lls < 5% had sig-
nificantly more favorable outcomes than those with Ki-67 LIs = 5% (P = 0.004); D: CD44s positivity was a significant, favorable indicator for patients with gastric GIST
(P=0.006); E: For patients with small intestinal GIST, the immunophenotype of PTEN Lls = 50% and Ki-67 LIs < 5% was a favorable indicator (P = 0.009); F: Gastric
GIST patients with immunophenotype of PTEN Lls = 50%, Ki-67 Lls < 5% and CD44s positivity had significantly more favorable outcomes than those with other im-

munophenotypes (P =0.011).

survival rate of the patients with the expression pat-
tern of PTEN LIs = 50%, Ki-67 LIs < 5% and CD44s
positivity was significantly higher than those with other
immunophenotypes (P = 0.009, Figure 2E). In the 13
patients who died of gastric GIST, 11 did not show the
above immunophenotype. Of the two patients with the
phenotype, one survived over 10 years after the resection
of GIST and the other survived 53 mo.

For patients with small intestinal GIST, the survival
rate was significantly higher in those with the combined
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expressions of PTEN LIs = 50% and Ki-67 LIs < 5%
relative to those with other immunophenotypes (P =
0.011, Figure 2F). In the 15 patients who died of small
intestinal GIST, only two showed this favorable immuno-

phenotype.

Prognostic impact of NIH risk assessment

The NIH risk assessment showed excellent correlation
with disease-specific survival. The patients were clas-
sified as higher risk with worse prognosis (P = 0.001).
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Univariate analysis

Multivariate analysis

OR (95% CI) P value OR (95% CI) P value
Gastric GIST
PTEN 0.23 (0.07-0.74) 0.013 0.35 (0.10-1.20) 0.100
Ki-67 4.54 (1.45-14.16) 0.009 2.69 (0.73-9.87) 0.130
CD44s 0.21 (0.07-0.73) 0.013 0.43 (0.83-9.98) 0.320
PTEN, Ki-67, CD44s 5.92 (1.29-27.08) 0.022 1.35 (0.15-11.80) 0.780
MMP-9 4.22 (1.92-19.31) 0.042
TIMP-1 0.90 (0.29-2.82) 0.862
MMP-9/TIMP-1 0.72 (0.22-2.38) 0.586
Small intestinal GIST
Ki-67 3.29 (1.14-9.46) 0.019
PTEN, Ki-67 4.02 (1.25-16.09) 0.021

MMP: Matrix metalloproteinase; GIST: Gastrointestinal stromal tumor; OR: Odds ratio.

GIST arising from gastric and small intestine showed
different recurrent potential; we subsequently analyzed
the prognostic value of risk assessment in these two
anatomic sites. For gastric GIST, high risk stratification
was correlated with significantly worse prognoses (P =
0.004, Figure 2A). But for small intestinal GIST, the risk
stratification had no significant correlation with DSS (P
= 0.205). Considering the disease-free survival rate, the
risk stratification was significantly correlated with survival
not only in small intestinal GISTs (P = 0.011), but also in
gastric GISTs (P = 0.044).

Ki-67 and risk assessment
In our series, 29 gastric patients who were graded as high
risk had shorter survival time than the other three grades
(61.31 £ 17.28 mo »s 121.64 £ 17.06 mo). Fourteen gas-
tric patients with Ki-67 LIs = 5% had shorter survival
time than those with Ki-67 LIs < 5% (49.75 + 10.84 mo
vs 111.46 £ 15.26 mo). Ten of these 14 cases were clas-
sified as high risk grade, four were not in this group but
suffered relapse or metastasis.

For small intestinal GISTs, two cases with Ki-67 LlIs
= 5% suffered relapse and one died of the GIST in 32
mo. Neither of these two cases were classified as high
risk grade by NIH risk assessment.

DISCUSSION

In this study based on follow-up data, we developed a
cluster of immunohistochemical markers that can fa-
cilitate the assessment of GIST prognosis in Chinese
patients. The expression patterns of PTEN, Ki-67 and
CD44s can help clinicians evaluate the clinical outcome
of the patients with gastric GIST, as can the combination
of PTEN and Ki-67 for those with small intestinal GIST.

Although PTEN, Ki-67 and CD44s can individually
assist the prognosis, there are still apparent limitations be-
cause each marker just focuses on some of the patients.
When tested by follow-up data, although cight patients
expressed PTEN LIs = 50%, seven of them died of
GIST within 5 years after the surgery resection. Such a
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conflict phenomenon is also very common in patients
with gastric GIST when the prediction is based only on
Ki-67 or CD44s. This also occurs for Ki-67 or PTEN in
patients with small intestinal GIST. Combining the ex-
pressions of PTEN, Ki-67 and CD44s can improve the
specificity and accuracy of the prognosis.

Our results showed that Ki-67 Lls is negatively coz-
related with PTEN and CD44s. PTEN and Ki-67 are
both involved in cell proliferation. PTEN can upregulate
p27""" resulting in apoptosis and cell cycle arrest, sup-
pression of cell proliferation by a mechanism indepen-
dent of Akt activity in nuclei’”. Also, PTEN upregulates
p53 activity by maintaining the high acetylation of p53[20].
In our study, PTEN was exclusively located in nuclei,
and PTEN LIs < 50% was statistically correlated with a
worse outcome of gastric GIST. A similar result was also
reported by Ricci, regarding the correlation of decreased
PTEN expression with worse outcomes'"”

Ki-67 is widely used to predict the proliferation poten-
tial of malignant tumors. Many reports have confirmed
the prognostic value of Ki-67 in GIST”"™. The differ-
ences in these reports are the cut-off value of the Ki-67
index, which varied from 4.5% to 10%. Whether Ki-67 is
one of best predictors is debatable. Nakamura proposed
that Ki-67 LIs and risk assessment were useful for pre-
dicting GIST outcome'”, while Wong considered that mi-
totic count™ not Ki-67 Lls, remained the best predictor
of gastric GIST. Our results revealed that higher Ki-67
LIs were associated with worse outcomes. Interestingly,
there were four cases of low risk gastric GISTs with high
Ki-67 LIs that suffered worse outcomes. Another two
cases of low risk intestinal GISTs that had high Ki-67 LIs
also resulted in worse outcomes. This indicates that Ki-67
may enhance the NIH consensus criteria, especially when
applied to patients of low risk. Though the absolute cut-
off of Ki-67 Lls is difficult to define, Ki-67 may become
one of the most robust indicators of GIST.

CD44 is now widely accepted as a stem cell marker
in many kinds of carcinomas, including gastric cancer,
colorectal cancer™, and breast cancer. While only a
minority of the cancer cells have the capability of car-
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cinogenesis, this portion of the cell population is stem
cells; in Du’s series, no mote than 5% of the cells were
positive for CD44. In GISTs, once CD44 is positive, it is
diffusely expressed by nearly all the cells. Based on this
finding, CD44 may not be a suitable stem cell marker for
GIST. CD117 and CD34 are stem cell markers for the
haematopoietic stem cells. In GIST, CD117 is the crucial
diagnostic marker; CD34 is one of the most important
differential diagnostic markers. The expression of these
stem cell markers in GIST may support the hypothesis
that GIST originates from mesenchymal stem cells. The
suitable robust stem cell markers for GIST needs further
investigation. CD44 and its associated partner proteins
monitor changes in the extra-cellular matrix that influ-
ences cell growth, survival and differentiation. It can be
a molecular switch between growth and arrest depending
on the extra-cellular conditions. As reported for CD44-
deficient fibroblasts, the recruited CD44s suppress
metastasis and proliferationm]. Furthermore, CD44 can
promote tumor invasion by recruiting MMP-9" Tn small
intestinal GIST, the expressions of CD44s and MMP-9
are significantly higher than in gastric GISTs. The co-
expression of CD44s and MMP-9 may be responsible for
the high metastatic liability of small intestinal GIST.

The anatomic site of GIST is now believed to be a
prognostic factor. Some experts believe that when GIST
is considered as a location-specific entity, multiple clini-
copathologic parameters can be used together to define
the biological behavior. In the revised version of NIH
risk stratification, anatomic location was considered to
be an important factor in the assessment of moderate
and high tisk”. In our series, the small intestinal GIST
was more aggressive than gastric GIST. Of the patients
with small intestinal GIST, 52.38% suffered recurrence
or metastasis, while only 25% of gastric GIST patients
did. The molecular makers expressed in gastric and small
intestinal GIST were also different, as were the prognos-
tic indicators. CD44 had no impact on the prognoses for
patients with small intestinal GIST, and a similar result
has been reported for rectal GIST™. The dissimilar ana-
tomic locations may be responsible for these difference.
Based on these facts, we believe that GIST should be
sub-grouped by anatomic location first and then assessed
by other factors.

In conclusion, the expression patterns of PTEN,
Ki-67 and CD44s are useful for the prognosis of patients
with gastric GIST, and PTEN and Ki-67 are valuable out-
come indicators for patients with small intestinal GISTs,
Ki-67 LIs can enhance the NTH consensus criteria.
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Background

Gastrointestinal stromal tumor (GIST) is the most common mesenchymal tumor
of the digestive tract. Because the targeted therapy of imatinib and sunitinib has
achieved great success, accurate prediction of GIST outcomes is becoming
more and more important. The biological behavior of GIST is highly variable.
NIH risk assessment is now widely used as a prognostic indicator, but further
investigation of the prognostic factors is still needed.
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NIH risk assessment is widely used for GIST risk stratification; the revised ver-
sion is based on tumor location, diameter and mitotic index. Many investigators
have analyzed the prognostic value of other factors including stage, grade, KIT
mutation and immunohistochemical markers.

Innovations and breakthroughs

Based on follow-up information on patients without targeted therapy, we com-
prehensively analyzed anatomic location, NIH risk assessment and a number
of immunohistochemical markers including PTEN, Ki-67, CD44s, matrix metal-
loproteinase 9 and TIMP-1.

Applications

This study provides a new cluster of prognostic markers for GIST. PTEN Lis =
50%, Ki-67 Lls < 5% and CD44s positivity correlates with favorable outcomes
for gastric GISTs, as does PTEN Lls = 50% and Ki-67 LIs < 5% for small in-
testinal GISTs. Anatomic location is a prognostic indicator of GISTs; depending
on location, GISTs may have different biological features. The intrinsic nature
needs further investigation.

Terminology

GIST is the most common mesenchymal tumor of digestive tract. Gain-of-func-
tion mutation of in c-kit or platelet derived growth factor o are hypothesized as
the principle molecular pathogenesis. Based on this point, the targeted therapy
of imatinib or sunitinib has achieved great success. But the biological behavior
of GIST is highly variable; many experts are investigating improvements in
prognostic markers.
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This is an interesting, well done and well written paper adding useful insights in
the field.
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