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Abstract: Background: In gastrointestinal stromal tumor (GIST), mutually exclusive gain-of-function mutations of c-
kit and PDGFRa are associated with different mutation-dependent clinical features. We analyzed clinico-pathologic
features and genotypes of GIST among patients in China. Methods: Adult patients with GIST in the stomach, small
intestine, colorectum, or extra-gastrointestinal areas were enrolled in this study. These patients had been subjected
to surgical resection without imatinib (Gleevec) treatment at the Cancer Hospital, Chinese Academy of Medical Sci-
ences from January 2009 to January 2019. Samples were obtained for histopathologic examination. Mutations in
c-kit and PDGFRa genes were analyzed by PCR and next generation sequencing (NGS). Clinico-pathologic charac-
teristics of each gene were also analyzed. Results: A total of 58 GIST patients was enrolled in this study. In terms of
genotypes, there were 51 (87.9%) c-kit mutations, 5 (8.6%) PDGFRa mutations, and 2 (3.4%) wild-type mutations. In
terms of cell types, there were 40 cases (69.0%) with spindle cell type, 3 cases (5.2%) with epithelioid cell type and
3 cases (5.2%) with mixed spindle-epithelioid cell type. Among the 4 mutant forms of c-kit exon-11, the most com-
mon were point mutations in 16 cases (38.1%), deletion mutations in 13 cases (31.0%), insertion mutations in 4
cases (9.5%), and mixed mutations in 9 cases (21.4%). Based on risk grade classification of the National Institutes
of Health (NIH), 3 cases (5.2%) were very-low risk, 9 cases (15.5%) were low risk, 19 cases (32.8%) were medium
risk, and 23 cases (39.7%) were high risk. Significant differences in cell type were identified across different gene
types (P = 0.022). Similarly, differences in tumor risk were found among different mutant forms of c-kit gene exon-
11 (P = 0.039). Conclusion: With c-kit mutations, spindle cell type prevalence exceeded that of the epithelioid
cell type and mixed spindle-epithelioid cell type. Spindle and mixed spindle-epithelioid cell types were the most
prevalent in the category of PDGFRa mutations. In wild type cases, spindle and epithelioid cell types were the most
common. A high risk of deletion and mixed mutations, and intermediate risk of point and insertion mutations were
observed in c-kit exon-11 mutation type.
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Introduction Mutations in the PDGFRa gene occur in about

10% of GIST patients, and the most common

Gastrointestinal stromal tumors (GISTs) are
the most common mesenchymal tumors of the
gastrointestinal tract. More than 85% of GISTs
occur due to mutations in gene receptor tyro-
sine kinases (c-kit) and platelet-derived growth
factor receptor (PDGFRx) [1]. Approximately,
15% of adults and 85% of children with GISTs
lack mutations in c-kit and PDGFRa. Such
cases are referred to as Wild-Type (WT) GISTs
[2]. The most common exons for c-kit gene
mutations are exon 9, 11, 13, and 17, with c-kit
exon-11 mutations being the most active [3].

type of mutation is the exon-18 D842V point
mutation, accounting for more than 90% of all
PDGFRa mutation types [4]. C-kit mutations
are associated with liver metastasis and poor
tumor prognosis [5]. The PDGFRa mutation is
associated with suppressed nuclear mitosis
and malignancy, suggesting this mutation is a
marker for good prognosis [6, 7].

The clinical significance of mutations in GIST
has not been conclusively determined. In this
study, we retrieved clinical records of adult
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patients whose GISTs were located in the stom-
ach, small intestine, colorectum or extra-gas-
trointestinal area. These patients had been
subjected to surgical resection without imati-
nib (Gleevec) treatment at the Cancer Hospital,
Chinese Academy of Medical Sciences from
January 2009 to January 2019. The retrieved
clinical records were used to investigate c-kit/
PDGFRa gene mutations and their relation-
ships to biologic features.

Materials and methods
Patients and samples

Patients with primary GIST (n = 58) who under-
went complete resection at the Cancer Hos-
pital, Chinese Academy of Medical Sciences
from January 2009 to January 2019 were
enrolled in this study. Those with multiple focal
GISTs, pediatric GISTs, familial GISTs, neurofi-
bromatosis type-l, and Carney triad were ex-
cluded. None of the patients had been received
imatinib before surgery.

DNA extraction

Samples were fixed in 10% neutral buffered for-
malin for 16-48 h, and then were embedded in
paraffin. Tissue blocks with adequate tumor
cellularity (=20%) were assessed by an expert
pathologist (Dr. Su-sheng Shi). DNA was extr-
acted from selected blocks using the QlAamp
DNA formalin-fixed and paraffin-embedded
(FFPE) Tissue Kits (Qiagen, Germany), accord-
ing to the manufacturer’s instructions. Qubit
2.0 Fluorometer (Thermo Fisher Scientific, Car-
Isbad, CA, USA) was used to determine DNA
quantity.

Construction and sequencing of the DNA
library

About 10 ng of DNA was used to construct the
amplicon DNA library. DNA was amplified by
PCR and ligated to different barcodes. Libraries
for all samples were mixed and clonally ampli-
fied onto the lonSpheres (ISP). Subsequently,
they were enriched on the lonOneTouch system
to prepare DNA templates using the lon PGM
(TM) Hi-Q (TM) OT2 Kit (Thermo Fisher). Finally,
enriched ISPs were added onto a 318 Chip
and sequenced on the lon Torrent PGM plat-
form using the lon PGM HI-Q SEQ Kit (Ther-
mo Fisher), according to the manufacturer’s
instructions.
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Sequence data analysis

Sequencing data from PGM runs were generat-
ed using the Torrent Suite Software. Initial vari-
ant calling was filtered by comparing the 1000
Genomes data to GRCh 37. Mutations were
designated and annotated using the Torrent
Variant Caller. Mutations were identified when
coverage depth 21000 reads and mutant allele
frequency >5%. All mutations were further visu-
ally examined using the Integrative Genomics
Viewer.

Ethical approval

Ethical approval was obtained from the Ethics
Committee of the Cancer Hospital, Chinese
Academy of Medical Sciences, Beijing, China
(Approval number: 21/135-2806). This study
was conducted in accordance with the Decla-
ration of Helsinki. The information involved in
this study was retrospectively retrieved from
the electronic recording system of our hospital
and did not contain any personal information
of participants. Therefore, the requirement for
patient consent was waived, and all data from
cases were anonymized or maintained con-
fidentially.

Statistical analysis

Data were statistically analyzed using the SPSS
21.0 software. Categorical variables were ex-
pressed as frequencies. The Chi-square or
Fisher's exact probability tests were used to
compare groups. Correlation analyses were
performed by association analysis of unor-
dered categorical variables. First, a chi-square
test of independence of two attributes was per-
formed according to the linked list of cross-
classification counts. Then, the correlation
coefficient was calculated. P<0.05 was consid-
ered significant.

Results
Clinic-pathological features of participants

Of the 58 GIST patients, 29 were male (50%)
and 29 were female (50%). Their ages ranged
from 20 to 87 years, with a median age of 57.5
years. Thirty cases (51.7%) had primary tumor
in the stomach, 16 cases (27.6%) in the small
intestine, 3 cases (5.2%) in the colorectal area,
and 9 cases (15.5%) in extra-gastrointestinal
areas (including the abdominal, pelvic, and
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Figure 1. Microscopic examination of GIST. A. Spindle cell type (magnification, x100). B. Spindle cell type (magnifica-
tion, x200). C. Epithelioid cell type (magnification, x100). D. Epithelioid cell type (magnification, x200).

Figure 2. Immunohistochemical markers of GIST. A. CD117 was positive in neoplastic cells (magnification, x100).
B. DOG-1 was positive in neoplastic cells (magnification, x100). C. CD34 was positive in neoplastic cells (magnifica-
tion, x100). D. Ki-67 staining rate was 15% (magnification, x100).

peritoneal cavities). There were 40 cases with epithelioid cell type (Figures 1, 2), 3 cases
(69.0%) with spindle cell type, 3 cases (5.2%) (5.2%) with mixed spindle-epithelioid cell type,
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and data for 12 cases (20.7%) were not avail-
able. There were 35 cases (60.3%) with mitotic
counts < 5/50HPF, 17 cases (29.3%) with
>5/50HPF, and 6 cases (10.3%) with missing
data.

Tumor diameters in the entire cohort were in
the range of 0.7~15.0 cm, with a median diam-
eter of 5.5 cm. 5 cases (8.6%) had tumor size
<2 cm, 19 cases (32.8%) had >2 to <5 cm, 23
cases (39.7%) were >5 to <10 cm, 9 cases
(15.5%) were >10 cm, and 2 cases (3.4%)
lacked data on tumor size. According to the
classification by the United States National
Institutes of Health (NIH) [8], GIST risk is divid-
ed into very-low risk, low risk, intermediate, and
high risk. 3 cases were categorized as very-low
risk (5.2%), and 9 as low-risk (15.5%), 19 as
intermediate risk (32.8%) and 23 as high-risk
cases (39.7%). Data for 4 cases (6.9%) were
not available. Positive rates of CD117, DOG-1,
and CD34 were 96.6%, 96.6%, and 93.1%,
respectively. For a Ki-67 index of £5%, 5-10%,
and >10%, there were 24 cases (47.1%), 8
cases (15.7%), and 19 cases (37.3%), respec-
tively. 4 cases (6.9%) had concurrent meta-
stasis.

Genetic mutations

A total of 51 cases (87.9%) with c-kit gene
mutations were detected. Exon-11 of c-kit gene
mutations were the most common with 42
cases (82.4%), of which W557_K558del (6
cases, 14.3%) and W557R (6 cases, 14.3%)
were prevalent. Among the 13 cases with c-kit
exon-11 deletion mutations, 2 cases (4.8%)
had one codon deletion, while 11 cases
(26.2%) had =2 codon deletions, among which
2 cases (4.8%) had large fragment deletions
involving codons 557-558. There were 16
point mutation cases involving codons 557,
559, and 560. Moreover, codon 559 was the
most prevalent, occurring in 7 (16.7%) of the 16
cases.

Exon-9 mutation was found in 7 cases (13.7%),
with only one type of insertion mutation (all
Y503_F504insAY), with 5 cases occurring in
the small intestine, and 2 cases in the stomach
and esophagus. Among the 7 cases, 4 were
high risk (3 in the small intestine, one in the
stomach). Exon-13 mutation was found in one
case (2%), and the mutation type was a point
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mutation (K642E) in codon 642. The case with
exon-13 mutation in the rectum was high risk.

There were 5 cases (8.6%) of PDGFR muta-
tion (all exon-18 mutations), including four
cases of D842V mutations and one case of
1843_846delIMHD mutation in the stomach
(Figure 3). Exon-12 and 14 mutations were not
detected.

Relationship between gene mutation type and
clinico-pathologic characteristics

As shown in Table 1, there were significant dif-
ferences in cell types among different gene
types. For c-kit genes, the spindle cell type was
the most common, accounting for 72.55%. In
the PDGFRa gene, the spindle and mixed spin-
dle-epithelioid cell types were the most preva-
lent, each accounting for 40%. Among the wild
types, the spindle and epithelioid cell types
were the most common, each accounting for
50%.

Table 2 shows that there were significant differ-
ences in tumor risk among different c-kit gene
exon-11 mutation types. Among the deletion
mutation types, high risk was the most com-
mon, accounting for 61.54%. Regarding point
mutation types, intermediate-risk was the most
common, accounting for 62.50%, while inter-
mediate-risk was prevalent in insertion muta-
tion types, accounting for 75.00%. Notably,
high risk was most common for mixed mutation
types, accounting for 44.44%.

Table 3 shows that the 58 GIST patients were
cross-classified based on two attributes of
gene and cell types after which Fisher’s exact
probability test was performed. The chi-square
value was 13.366. P<0.05 indicated a moder-
ate correlation between gene and cell types.

Table 4 shows that 42 GIST patients were
cross-classified based on two attributes of
c-kit exon-11 mutations and tumor risk, and
Fisher's exact probability test was performed.
The chi-square value was 20.270. P<0.05 indi-
cated a moderate correlation between c-kit
exon-11 mutation type and tumor risk.

Discussion

The c-kit proto-oncogene is located on chromo-
some 4q12-13, and its expression product,
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Figure 3. A. Mutations of c-kit exon-11 W557_K558del. B. Mutations of PDGFRa exon-18 D842V.

c-kit receptor, is the transmembrane glycopro-
tein type-lll tyrosine kinase receptor (CD117).
Under normal circumstances, the c-kit protein
binds a ligand called stem cell factor (SCF) to
form a dimer that activates transcription fac-
tors in the cytoplasm, thereby regulating gene
expression and controlling cell proliferation
and differentiation [9]. The PDGFRa gene is
very similar to c-kit. It belongs to the type-lll
tyrosine-protein kinase family and encodes pla-
telet-derived growth factor receptor-a. When
PDGFRa binds its ligand, PDGF, it results in
phosphorylation of tyrosine residues, which re-
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gulate cell growth, proliferation, differentiation,
and apoptosis [10]. Mutations in the proximal
regions of c-kit and PDGFRa genes can continu-
ously activate proteins without ligand binding.
This activates downstream signaling pathways,
leading to the occurrence of GISTs. Therefore,
the mutant, c-kit/PDGFRa, can be used as a
diagnostic marker and a treatment target for
GIST.

GIST is most prevalent in adults aged above
60-years with an incidence ratio of 1:1 for
men and women [11]. Among the 58 GIST
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Table 1. GIST genotype and clinico-pathologic features

c-kit (51) PDGFRa (5) Wild type (2) P values
Sex, n (%) 0.117
Male 23 (45.10) 4 (80.00) 2 (100.00)
Female 28 (54.90) 1 (20.00) 0 (0.00)
Age, n (%) 0.765
<50 12 (23.53) 1(20.00) 1 (50.00)
>50 39 (76.47) 4 (80.00) 1 (50.00)
Location, n (%) 0.619
Stomach 24 (47.06) 4 (80.00) 2 (100.00)
Small intestine 16 (31.37) 0 (0.00) 0 (0.00)
Colorectum 3(5.88) 0 (0.00) 0 (0.00)
Parenteral 8 (15.69) 1(20.00) 0 (0.00)
Cell type, n (%)
Spindle 37 (72.55) 2 (40.00) 1 (50.00) 0.022
Epithelioid 2(3.92) 0 (0.00) 1 (50.00)
Mixed 1(1.96) 2 (40.00) 0 (0.00)
NA 11 (21.57) 1(20.00) 0 (0.00)
Mitotic count (/50HPF), n (%)
<5 30 (58.82) 4 (80.00) 1 (50.00) 1.000
>5 15 (29.41) 1(20.00) 1 (50.00)
NA 6 (11.76) 0 (0.00) 0 (0.00)
Tumor diameter (cm), n (%)
<2 5 (9.80) 0 (0.00) 0 (0.00) 0.805
>21t0<5 16 (31.37) 2 (40.00) 1 (50.00)
>5 to <10 21 (41.18) 2 (40.00) 0 (0.00)
>10 7 (13.73) 1(20.00) 1 (50.00)
NA 2(3.92) 0 (0.00) 0 (0.00)
Risk, n (%) 0.580
Very low 3(5.88) 0 (0.00) 0 (0.00)
Low 6 (11.76) 2 (40.00) 1 (50.00)
Intermediate 18 (35.29) 1 (20.00) 0 (0.00)
High 20 (39.22) 2 (40.00) 1 (50.00)
NA 4 (7.84) 0 (0.00) 0 (0.00)
CD117, n (%) 1.000
+ 49 (96.08) 5 (100.00) 2 (100.00)
- 1(1.96) 0 (0.00) 0 (0.00)
NA 1(1.96) 0 (0.00) 0 (0.00)
DOG1, n (%) 1.000
+ 49 (96.08) 5 (100.00) 2 (100.00)
NA 2(3.92) 0 (0.00) 0 (0.00)
CD34, n (%) 0.288
+ 48 (94.12) 4 (80.00) 2 (100.00)
- 1(1.96) 1(20.00) 0 (0.00)
NA 2 (3.92) 0 (0.00) 0 (0.00)
Ki-67 (%), n (%) 1.000
<5 24 (47.06) 3 (60.00) 1 (50.00)
5-10 8 (15.69) 0 (0.00) 0 (0.00)
>10 19 (37.25) 2 (40.00) 1 (50.00)
Metastasis, n (%) 1.000
+ 4 (7.84) 0 (0.00) 0 (0.00)
- 47 (92.16) 5 (100.00) 2 (100.00)
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Table 2. Forms of c-kit exon-11 mutations and clinico-pathologic characteristics

Deletion (13) Point mutation (16) Insertion (4) Mixed (9) P values
Sex, n (%) 0.233
Male 8 (61.54) 4 (25.00) 2 (50.00) 3(33.33)
Female 5 (38.46) 12 (75.00) 2 (50.00) 6 (66.67)
Age, n (%) 0.075
<50 2 (15.38) 2 (12.50) 0(0) 5 (55.56)
>50 11 (84.62) 14 (87.50) 4 (100.00) 4 (44.44)
Location, n (%) 0.250
Stomach 5 (38.46) 12 (75.00) 3(75.00) 3(33.33)
Small intestine 4 (30.77) 2 (12.50) 0 (0.00) 4 (44.44)
Colorectum 2 (15.38) 0 (0.00) 0 (0.00) 0 (0.00)
Parenteral 2 (15.38) 2 (12.50) 1 (25.00) 2 (22.22)
Cell type, n (%) 0.395
Spindle 7 (53.85) 12 (75.00) 2 (50.00) 8 (88.89)
Epithelioid 2 (15.38) 0 (0.00) 0 (0.00) 0 (0.00)
Mixed 1(7.69) 0 (0.00) 0 (0.00) 0 (0.00)
NA 3(23.08) 4 (25.00) 2 (50.00) 1(11.11)
Mitotic count (/50HPF), n (%) 0.408
<5 6 (46.15) 12 (75.00) 3 (75.00) 4 (44.44)
>5 6 (46.15) 2 (12.50) 1(25.00) 3(33.33)
NA 1(7.69) 2 (12.50) 0 (0.00) 2 (22.22)
Tumor diameter (cm), n (%) 0.120
<2 1(7.69) 1(6.25) 1(25.00) 1(11.11)
>21t0<5 5 (38.46) 3(18.75) 0 (0.00) 5 (55.56)
>5t0 <10 4 (30.77) 10 (62.50) 3(75.00) 2 (22.22)
>10 3(23.08) 0 (0.00) 0 (0.00) 1(11.11)
NA 0 (0.00) 2 (12.50) 0 (0.00) 0 (0.00)
Risk, n (%) 0.039
Very low 1(7.69) 1(6.25) 0 (0.00) 1(11.11)
Low 1(7.69) 2 (12.50) 0 (0.00) 2 (22.22)
Intermediate 2 (15.38) 10 (62.50) 3(75.00) 1(11.11)
High 8 (61.54) 1(6.25) 1(25.00) 4 (44.44)
NA 1(7.69) 2 (12.50) 0 (0.00) 1(11.11)
CD117, n (%) 0.528
+ 13 (100.00) 15 (93.75) 4 (100.00) 8 (88.89)
- 0 (0.00) 0 (0.00) 0 (0.00) 1(11.11)
NA 0 (0.00) 1(6.25) 0 (0.00) 0 (0.00)
DOG1, n (%) 1.000
+ 12 (92.31) 15 (93.75) 4 (100.00) 9 (100.00)
NA 1(7.69) 1(6.25) 0 (0.00) 0 (0.00)
CD34, n (%) 1.000
+ 13 (100.00) 15 (93.75) 4 (100.00) 9 (100.00)
NA 0 (0.00) 1(6.25) 0 (0.00) 0 (0.00)
Ki-67, n (%) 0.212
<5 5 (38..46) 10 (62.50) 3 (75.00) 3(33.33)
5-10 1(7.69) 3(18.75) 1(25.00) 1(11.11)
>10 7 (53.85) 3(18.75) 0 (0.00) 5 (55.56)
Metastasis, n (%) 0.174
+ 1(7.69) 0 (0.00) 0 (0.00) 2(22.22)
12 (92.31) 16 (100.00) 4 (100.00) 7 (77.78)
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Table 3. Cross classification table of the 58 GIST patients
by gene type and cell type

Genetic type
Cell type - - Total
c-kit PDGFRa Wild-type

Spindle 37 2 1 40
Epithelioid 2 0 1 3
Mixed 1 2 0 3
NA 11 1 0 12
Total 51 5 2 58

study were all exon-18 mutations,
whereas those in the previous reported
study were exon-14 mutations. C-kit
exon-11 point mutations are character-
ized by low mitotic numbers with an
average tumor size of <5 cm. Moreover,
5-year recurrence-free survival (RFS)
(50.7%) of c-kit exon-11 point muta-
tions is higher than those of deletion
mutations (28.1%) and repeat muta-

Table 4. Cross-classification table of 42 GIST patients by

c-kit exon-11 mutation forms and tumor risk

tions (40%). Consistently, we show that
point mutations have an intermediate
risk, whereas deletion mutations have
a high risk.

c-kit exon-11 mutant form

Risk Deletion Point mutation Insertion Mixed Total In this study, the positive rates for

CD117, DOG-1, and CD34 were 96.6%,
Very low 1 1 0 1 3 96.6%, and 93.1%, respectively, consis-
Low 1 2 0 2 5 tent with total mutation rates of c-kit
Intermediate 2 10 3 1 16 and PDGFRa (96.6%). It has been re-
High 8 1 1 4 14 ported that the positive rate of CD117
NA 1 2 0 1 4 is independent of mutation status of
Total 13 16 4 9 42 c-kit and PDGFR« [13]. Ki-67 has been

patients in this study, 29 were male while the
rest were female (1:1), with a median age of
57.5-years. The most common anatomic loca-
tion for GIST was the stomach (55.6%), followed
by the small intestine (31.8%), colon (6.0%),
esophagus (0.7%), and other body parts (5.5%)
[11]. 30 cases (51.7%) had tumors with a stom-
ach origin, 16 cases (27.6%) in the small intes-
tine, 3 cases (5.2%) in the colorectum, and 9
cases (15.5%) outside the gastrointestinal tract
(including the abdomen, pelvic, and peritoneal
cavities).

The spindle cell type was the most common for
the c-kit gene, accounting for 72.55%. On the
other hand, the spindle and mixed spindle-
epithelioid cell types were prevalent for the
PDGFRa gene, accounting for 40%. Moreover,
the spindle and epithelioid cell types were the
most common in the WT genotype, account-
ing for 50%. Differences between cell types
in different gene types were significant (P =
0.022), with a moderate correlation. It has
been reported that, histologically, PDGFR«
mutant GIST usually presents with epithelioid
or mixed spindle-epithelioid cell type appear-
ances [12], which contrasts with our findings.
These differences could be due to the small
number of samples included in this study, or to
the fact that PDGFRa gene mutations in this
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considered to be a marker of prolifera-
tive cell activity [14]. In this study, the
relationship between Ki-67 index and gene sta-
tus was not significant.

Moreover, the total mutation rate of c-kit and
PDGFRa was 96.6%, consistent with a study
performed in Panama (94.9%) [15], but higher
than the rates in other reports [16, 17]. The
mutation frequency of c-kit exon-11 was 82.4%,
which contrasts with previously reported rates.
These discrepancies may be attributed to appli-
cation of different genetic testing methods and
use of varying sample sizes across studies. We
found 13 cases with c-kit gene exon-11 dele-
tion mutations, among whom 6 cases were
W557_K558del (2 cases with high risk and 2
cases with intermediate risk). Some studies
have suggested that GIST, with 557-558 codon
deletion mutation is more aggressive and easi-
ly undergoes metastasis, thus has poor prog-
nostic outcomes [18]. Joensuu et al. [19] classi-
fied them according to the number of missing
codons, and believed that the RFS for deletion
mutation of the large fragment of c-kit exon-11
was shorter than the mutation with only one
codon missing. There were 2 cases with one
codon missing (2 high-risk cases) and 11 cases
with >2 codons missing (6 high-risk cases). It
has been reported [20] that mutations in exon-
9 of the c-kit gene tend to occur in the small
intestine, with a higher malighant potential.

Int J Clin Exp Pathol 2021;14(12):1128-1137
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There were 7 cases of exon-9 mutations in the
study, 5 cases in the small intestine, and 2
cases in the stomach and esophagus. 4 of the
7 cases were high risk. 3 were in the small
intestine, and one was in the stomach, consis-
tent with findings from previous studies.

In summary, the c-kit gene mutant type had
more spindle-shaped cell types than epithelioid
and mixed spindle-epithelioid cell types. Am-
ong the PDGFRa gene mutations, spindle and
mixed spindle-epithelioid cell types were the
most prevalent. In the WT genotype, spindle
and epithelioid cell types were the most com-
mon. For c-kit exon-11 mutant forms, deletion
mutations and mixed mutations had higher
risk, while point and insertion mutations had
intermediate-risk. Future, large-scale clinical
and basic research studies should aim at inves-
tigating the importance of gene mutations in
GIST.
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