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Abstract
Background Few reliable prognostic markers have been established despite elucidation of the molecular mechanisms of 
gastrointestinal stromal tumor (GIST) development. We evaluated F-box and WD repeat domain-containing 7 (FBXW7), 
a cell-cycle-regulating and tumor suppressor, in GISTs. We aimed to determine the clinical relevance of FBXW7 in GISTs 
and characterize the molecular mechanism of FBXW7 in a GIST cell line.
Methods We measured FBXW7 expression in 182 GIST cases, correlated the expression levels with clinicopathological 
features, and characterized the molecular mechanism underlying suppressed FBXW7 expression in GIST cells in vitro.
Results Of the 182 GISTs, 98 (53.8%) and 84 (46.2%) were categorized in the high and low FBXW7 expression groups, 
respectively. Compared with the high FBXW7 expression group, the low expression group showed a significantly poorer 
prognosis in terms of recurrence-free (P = 0.01) and overall (P = 0.03) survival. FBXW7 expression was a significant inde-
pendent factor affecting the 10-year recurrence-free survival rate (P = 0.04). In vitro, FBXW7-specific siRNAs enhanced 
c-myc and Notch 1 protein expression and upregulated cell proliferation, invasion, and migration.
Conclusion FBXW7 is a potential predictive marker of recurrence after curative resection of GISTs. FBXW7 expression may 
help identify patients benefitting from adjuvant therapy more precisely compared with a conventional risk stratification model.
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Introduction

Gastrointestinal stromal tumors (GISTs) are the most com-
mon mesenchymal tumor of the gastrointestinal tract with an 
annual incidence of approximately 10–15 cases per million 
population [1]. GISTs originate from the interstitial cells of 
Cajal lineage after the development of activating mutations 
in c-KIT or platelet-derived growth factor receptor alpha [2, 
3]. Surgical resection with negative margins is the mainstay 
of treatment for permanent cure of primary GISTs [4, 5]. 
However, approximately 50% of patients receiving complete 
resection subsequently experience recurrence within 5 years 
after surgery [6]. The success of imatinib, which selectively 
inhibits the tyrosine kinase c-KIT, for treatment of recurrent 
or metastatic disease makes it possible for high-risk patients 
to adapt to adjuvant therapy after curative surgery [7].

The factors responsible for the malignant and aggres-
sive clinical behavior of GISTs have been investigated for 
years [8]. Several risk classifications for recurrence have 
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been established, including tumor size, mitotic index, tumor 
location, and tumor rupture [9]. Recently, a contour map was 
developed to predict GIST recurrence after surgery to help 
guide patient selection for adjuvant therapy [10]. Although 
clinical indices such as mitotic count and primary tumor 
location and size have been used to predict the risk of recur-
rence, few reliable prognostic molecular biomarkers have 
been established for GISTs. A recent study demonstrated 
that expression of cell-cycle regulators such as cyclin D1, 
CDK4, p21, and p16 is associated with a high risk of GIST 
recurrence [11]. This finding strongly supports that cell-
cycle regulators are associated with the clinicopathological 
characteristics (e.g., mitotic count and tumor size) that can 
lead to malignant behavior in GISTs.

Ubiquitin-mediated proteolysis regulates the degradation 
of many proteins involved in the control of cell differentia-
tion and growth [12]. F-box and WD repeat domain-con-
taining 7 (FBXW7) is the substrate recognition component 
of an evolutionarily conserved SCF (SKP1–CUL1–F-box 
protein)-type ubiquitin ligase complex, which is a well-
known tumor suppressor that regulates the stability of mul-
tiple oncoproteins, including cyclin E, c-myc, and Notch 
1 [13]. Regulation of the cell cycle is a critical function 
of FBXW7, which is associated with tumor progression 
and cell division [14, 15]. We have demonstrated that low 
expression of FBXW7 is associated with the poorer progno-
sis of gastrointestinal cancer via regulation of genes related 
to cell cycle [16–18].

In this study, we hypothesized that FBXW7 plays a key 
role in tumor progression of GISTs via regulation of tumor 
size and tumor cell mitosis. To confirm the clinicopatho-
logical significance of FBXW7 in GISTs, we examined the 
expression of FBXW7 in a series of 182 GIST patients with 
known clinicopathological characteristics, including prog-
nosis. Furthermore, the clinicopathological significance of 
suppression of FBXW7 expression using small-interfering 
RNA (siRNA) interference was validated in a GIST cell line.

Materials and methods

Patients

A total of 182 clinical GIST samples were obtained from 
patients who underwent complete resection at Kumamoto 
University Hospital, National Hospital Organization Kum-
amoto Medical Center and Saiseikai Kumamoto Hospital 
between 2008 and 2018. Ethical approval was obtained 
from Kumamoto University. Written informed consent was 
obtained from all patients. GIST was diagnosed by posi-
tive staining of c-KIT or CD34 in all resected clinical sam-
ples. These cases were divided into four groups according 
to the frequency of recurrence (very low, low, intermediate 

and high risk) based on the modified Fletcher classification 
[19, 20]. The median follow-up period was 741 days. The 
high-risk patients received imatinib for 3 years as adjuvant 
therapy after surgery starting in 2011.

Cell line

The human GIST cell line, GIST-T1, was purchased from 
Cosmo Bio, Co., Ltd. (Tokyo, Japan). GIST-T1 cells were 
cultured in Dulbecco’s modified Eagle’s medium (Wako 
Pure Chemical Industries, Osaka, Japan) supplemented with 
10% fetal bovine serum, at 37 °C under 5%  CO2 for at least 
1 month.

Immunohistochemical staining of FBXW7

Paraffin-embedded tissues obtained from the GIST patients 
were cut at a thickness of 4 µm, deparaffinized in xylene, 
rehydrated in ethanol, and soaked in distilled water. Sam-
ple processing and immunohistochemical (IHC) proce-
dures were performed as described below. Endogenous 
peroxidase activity was blocked using 3% hydrogen per-
oxide. The sections were incubated with antibodies target-
ing FBXW7 (1:200; clone 3D1; Abnova, Taipei, Taiwan), 
c-myc (1:200; ab32072; Abcam, Cambridge, UK), phospho-
rylated c-myc (1:200; ab51156; Abcam, Cambridge, UK), 
and Notch 1 (1:100; D1E11; Cell Signaling Technology, 
Danvers, MA, USA), and detection was performed using 
enzymatic avidin–biotin complex 3,3′-diaminobenzidine 
staining (VECTASTAIN Elite ABC mouse and rabbit IgG 
kit; VEC PK-6101, 6102). FBXW7 expression was scored 
in tumor cells by three observers according to the immuno-
histochemical staining intensity (0, no; 1, weak; 2, moder-
ate; or 3, strong staining) and the proportion of stained cells 
(0–100%) (Fig. 1). FBXW7 expression was divided into the 
high and low expression groups according to the median 
staining score (150 points).

Suppression of FBXW7 expression by siRNAs

FBXW7 expression was transiently downregulated using 
predesigned Silencer Select siRNAs directed against 
FBXW7 (siFBXW7 #1: s224356; siFBXW7 #2: s224357; 
Thermo Fisher Scientific, Waltham, MA, USA). A non-
targeting siRNA was used as a negative control. GIST-
T1 cells were transfected with the siRNAs for 48 h using 
Lipofectamine RNAiMAX (Thermo Fisher Scientific). At 
24 h after transfection, cells were harvested and subjected 
to Western blotting and quantitative reverse-transcription 
polymerase chain reaction (qRT-PCR).
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qRT‑PCR

RNA was isolated from the cultured cells using the RNeasy 
kit (Qiagen, Venlo, The Netherlands) according to the man-
ufacturer’s protocol. mRNA expression levels were deter-
mined by qRT-PCR using TaqMan probes (universal probe 
#78 for FBXW7; Roche, Basel, Switzerland), and the values 
were normalized to those of β-actin. All qRT-PCRs were run 
on the LightCycler 480 System II (Roche). The sequences 
of the FBXW7 mRNA primers were as follows: forward 
5′-ATT GGC AAT GAG CGG TTC -3′ and reverse 5′-CGT GGA 
TGC CAC AGG ACT -3′. β-actin was an internal control using 
the following primers: forward 5′-TTG GTA TCG TGG AAG 
GAC TCTA-3′ and reverse 5′-TGT CAT ATT TGG CAG GTT 
-3′. All qRT-PCR experiments were performed in triplicate 
and the data are presented as mean ± standard error.

Western blot analysis

GIST-T1 cell cultures in 10-cm dishes or 6-well plates were 
washed twice in PBS and lysed in extraction buffer (Thermo 
Fisher Scientific) and RIPA lysis buffer supplemented with 
a protease inhibitor cocktail (Thermo Fisher Scientific). 

Protein samples were subjected to sodium dodecyl sulfate-
polyacrylamide gel electrophoresis and transferred to nitro-
cellulose membranes. Membranes were blocked with 5% 
low-fat dry milk in TBST (25 mM Tris [pH 7.4], 125 mM 
NaCl, 0.4% Tween) and then incubated with primary anti-
bodies targeting c-myc (1:500; Abcam, ab32072), Notch 1 
(1:1000; Cell Signaling Technology), and β-actin (1:1000; 
13E5; Cell Signaling Technology), which were diluted in 
TBST at 4 °C overnight for Western blotting. Signals were 
detected by incubation with mouse and rabbit (1:5000) sec-
ondary antibodies at room temperature for 1 h using the ECL 
Detection System (GE Healthcare, Little Chalfont, UK).

Cytotoxicity assay

Cytotoxicity was evaluated by measuring cell viability 
using the Cell Counting Kit-8 (CCK-8) (Dojindo Labora-
tories, Kumamoto, Japan), a sensitive colorimetric cyto-
toxicity assay. The amount of formazan dye generated by 
dehydrogenase activity in cells is directly proportional 
to the number of living cells. GIST-T1 cells were seeded 
in 96-well plates (3000/well) in growth medium (100 µl) 
and incubated at 37 °C under a 5%  CO2 atmosphere for 
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Fig. 1  Immunohistochemical analysis of FBXW7 expression in 
GIST-T1 cells. a Immunohistochemical staining intensity score for 
FBXW7 (0, no; 1, mild; 2, moderate; and 3, strong staining). Magni-
fication ×200. b Two representative cases. Left panel shows a case of 

high FBXW7 protein expression with low c-myc and Notch 1 expres-
sion (low-risk GIST). Right panel shows a case of low FBXW7 pro-
tein expression with high c-myc and Notch 1 expression (high-risk 
GIST). Magnification ×100
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24 h. The cells were then transfected with the FBXW7 
siRNAs or control siRNA for 24, 48, 72, or 96 h. CCK-8 
reagent was added to each well and the plates were further 
incubated for 1.5 h. The absorbance of the solution was 
measured at 450 nm.

Invasion assay

Cell invasion was assessed using BioCoat Matrigel inva-
sion chambers (24-well plates, 8  µm pores; BD Bio-
sciences, San Jose, CA, USA) according to the manu-
facturer’s protocol. siRNA-transfected GIST-T1 cells 
(2.5 × 104/well) were seeded in the upper chamber and 
allowed to invade the lower surface of the filter. After 22 h, 
the cells were fixed with 100% ethanol and stained with 
hematoxylin and eosin. The number of cells in three ran-
domly selected fields was counted and statistical analyses 
were performed using two-tailed Student’s t tests.

Migration assay

siRNA-transfected GIST-T1 cells were seeded in 6-well 
plates at 5.0 × 104/well and subjected to real-time imag-
ing using the Keyence BZ-X700 all-in-one fluorescence 
microscope equipped with a  CO2- and temperature-con-
trolled chamber and time-lapse tracking system (Keyence, 
Osaka, Japan). Images were taken every 10 min for 24 h 
and combined using the BZ-X Analyzer (Keyence). Cell 
migration was analyzed using the video editing analysis 
software VW-H2MA (Keyence), and the tracking data 
were processed using Microsoft Excel 2010 (Microsoft, 
Redmond, WA, USA) to obtain x, y-coordinate plots and 
distance measurements.

Statistical analysis

All experiments were repeated at least three times. Con-
tinuous variables were expressed as medians (range) or 
mean ± standard deviation as appropriate. Qualitative 
variables were compared using the chi-squared test and 
quantitative variables using the Wilcoxon test. The PCR 
and proliferation assay data were analyzed using paired 
Student’s t tests. Data were processed using Excel 2010 
(Microsoft). All P values < 0.05 were considered statisti-
cally significant. All statistical analyses were performed 
using JMP version 10 (SAS Institute, Cary, NC, USA).

Results

FBXW7 expression and clinicopathological features 
of the clinical samples

We examined FBXW7 expression in resected GIST sam-
ples by immunohistochemical staining. FBXW7 expression 
was homogeneously localized to cell nuclei in entire tumor 
tissue. We divided the 182 GIST cases into high and low 
expression groups according to the median staining inten-
sity score for FBXW7 (Fig. 1a); 98 (53.8%) and 84 (46.2%) 
cases were classified into the high and low FBXW7 expres-
sion groups. The associations between FBXW7 expression 
and the clinicopathological factors evaluated are shown 
in Table 1. The proportions of GISTs located in the duo-
denum, small intestine, and other sites were significantly 
higher in the low compared with the high FBXW7 expres-
sion group (P = 0.008). Tumor size was significantly larger 
in the low compared with the high FBXW7 expression group 
(P = 0.0001). There were significantly more high-risk cases 
according to the modified Fletcher classification in the low 
FBXW7 expression group (P = 0.0003). Figure 1b shows 

Table 1  The clinicopathological features and expression of FBXW7 
in 182 GIST patients

FBXW7 expression P value

High (n = 98) Low (n = 84)

Age
70 (38–90) 66 (30–83) 0.06

Sex
 Male 44 38 0.96
 Female 54 46

Location
 Stomach 77 53 0.008
 Small intestine 8 20
 Duodenum 7 11
 Other 3 3

Size (mm)
28 (3–95) 40 (14–300) 0.0001

Mitotic index (/50HPF)
 < 10 89 66 0.04
 ≧ 10 9 16

Modified Fletcher classification
 Very low 26 9 < 0.0001
 Low 48 34
 Intermediate 14 9
 High 10 32

Adjuvant therapy
 Yes 4 15 0.04
 No 94 69
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two representative cases of GISTs exhibiting inverse corre-
lations of FBXW7 with c-myc and Notch 1 protein expres-
sion levels. The case with high FBXW7 expression had low 
c-myc and Notch 1 expression (left panel), whereas the case 
with low FBXW7 expression had high c-myc and Notch 1 
expression (right panel).

The association between FBXW7 expression 
and prognosis in GIST patients

The survival curves for 10-year recurrence-free survival 
(RFS) and overall survival (OS) showed a significantly 
poorer patient prognosis in the low compared with the high 
FBXW7 expression group (RFS: P = 0.01; OS: P = 0.03) 
(Fig. 2a, b). Low FBXW7 expression tended to be corre-
lated with a poor prognosis in the high-risk cases (P = 0.10, 
Fig. 2c). In the intermediate-/high-risk cases, low FBXW7 
expression was significantly correlated with a worse RFS 
(P = 0.03, Fig. 2d). We also examined the association of 
FBXW7 expression with prognosis in another cohort and 
found that low FBXW7 expression was significantly corre-
lated with a worse RFS (P = 0.02, Supplemental Figure 1). 
Furthermore, we evaluated the association of immunohis-
tochemical expression of c-myc, phosphorylated c-myc and 
Notch 1 in GIST with patient prognosis. We found that the 
expression of c-myc, phosphorylated c-myc, and Notch 1 is 
not significantly associated with prognosis (Supplemental 
Figure 2). In the univariate analysis, FBXW7 expression, 
modified Fletcher risk classification, tumor location, and 

tumor size were identified as prognostic factors for 10-year 
RFS following curative resection. Variables with P < 0.05 in 
the univariate analyses were selected for multivariate analy-
sis using Cox’s proportional hazards model, which identified 
FBXW7 expression (odds ratio (OR) 6.78; 95% confidence 
interval (CI) 1.10–130.8; P = 0.04) as a significant independ-
ent factor affecting the 10-year RFS rate following curative 
resection (Table 2a). In intermediate-/high-risk patients, 
FBXW7 expression (OR 6.78; 95% CI 1.10–130.8; P = 0.04) 
was also a significant factor affecting the 10-year RFS rate 
following curative resection (Table 2b).

The effects of suppression of FBXW7 expression 
in GIST‑T1 cells

To clarify the clinicopathological significance of suppressed 
FBXW7 expression, we examined the biological effects of 
FBXW7 siRNA transfection in GIST-T1 cells. Suppression 
of FBXW7 expression in GIST-T1 cells was observed at 24 h 
after siRNA transfection (P < 0.01, Fig. 3a). Suppression of 
FBXW7 induced overexpression of its downstream targets 
c-myc and Notch 1, as confirmed by Western blot analysis 
(Fig. 3a).

In the MTT proliferation assay, the number of viable 
GIST-T1 cells (3000/well) was evaluated after 24 h incuba-
tion with siRNA at several time points (0, 24, 48, 72, and 
96 h). We found that the proliferation rate was significantly 
increased in GIST-T1 cells transfected with FBXW7 siRNAs 

Table 2  Multivariate analysis 
of recurrence-free survival in 
patients with GISTs

(a) Univariate and multivariate analyses of RFS in all GIST cases. (b) Univariate and multivariate analyses 
of RFS in the intermediate-/high-risk GIST cases
OR odds ratio, CI confidence interval

Variables Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value

(a)
 Age (< 65) 1.71 0.45–6.92 0.43 – – –
 Sex (male) 1.54 0.41–6.21 0.52 – – –
 Location (non stomach) 5.33 1.9–25.7 0.02 2.81 0.73–13.5 0.13
 Tumor size (≥ 5 cm) 5.62 1.52–24.4 0.009 1.57 0.39–8.29 0.54
 Mitotic index (≥ 10/50 HPF) 3.31 0.47–15.4 0.19 – – –
 Modified Fletcher classification 

(high risk)
25.7 4.71–476 < 0.0001 10.8 1.56–216 0.01

 FBXW7 expression (low) 14.8 1.58–26.2 0.0007 6.78 1.16–130.8 0.04
(b)
 Age (< 65) 1.89 0.46–9.23 0.38 – – –
 Sex (male) 1.13 0.27–4.80 0.86 – – –
 Location (non-stomach) 5.48 1.33–27.1 0.02 3.05 0.74–15.1 0.12
 Tumor size (≥ 5 cm) 1.37 0.32–9.39 0.69 – – –
 Mitotic index (≥ 10/50 HPF) 1.71 0.24–8.79 0.55 – – –
 FBXW7 expression (low) 7.15 2.08–47.9 0.003 5.41 1.07–5.73 0.04
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compared with the control siRNA at 96 h after transfection 
(siFBXW7 #1, P < 0.01; siFBXW7 #2, P < 0.01; Fig. 3b).

The invasion ability of GIST-T1 cells transfected after 
24 h incubation with the FBXW7 siRNAs was examined 
using BioCoat Matrigel chambers. The number of invad-
ing cells after 22 h was significantly greater in GIST-T1 
cells transfected with the FBXW7 siRNAs compared with 
the control siRNA (siFBXW7 #1, P < 0.01; siFBXW7 #2, 
P < 0.01; Fig. 3c). In the migration assays, we measured 
the total distance traveled by 10 GIST-T1 cells randomly 
selected within 24 h. GIST-T1 cells transfected with the 
FBXW7 siRNAs migrated significantly greater distances 
in a 24-h period (siFBXW7 #1, P < 0.01; siFBXW7 #2, 
P < 0.01; Fig. 3d).

Discussion

In the current study, we demonstrated that low FBXW7 
expression was associated with a poorer prognosis in both 
the all and intermediate-/high-risk patients with GISTs, 
respectively (P = 0.01, P = 0.03). Furthermore, FBXW7 

expression was a significant factor affecting the 10-year 
RFS rate in both the all and intermediate-/high-risk patients 
(P = 0.04). We also investigated how suppression of FBXW7 
expression affects cell growth, migration, and invasion 
in vitro. These results suggest that FBXW7 is a potential 
biomarker predicting recurrence after curative resection that 
may allow more accurate assessment of the indications for 
adjuvant imatinib treatment and prognosis.

In the pre-imatinib era, more than half of patients with 
GISTs experienced tumor recurrence [21]. The risk of recur-
rence in patients after complete resection of primary GISTs 
without adjuvant therapy is associated with mitotic rate, 
tumor size, and tumor location [22]. According to risk strat-
ification based on tumor size, mitotic rate, tumor location, 
and tumor rupture, adjuvant imatinib therapy for high-risk 
cases is widely accepted worldwide [4, 5]. Although adju-
vant therapy using imatinib for high-risk patients improves 
prognosis, some patients do not benefit from therapy due to 
toxicity. Furthermore, it remains unclear whether interme-
diate-risk patients with GISTs are candidates for adjuvant 
therapy [23]. Therefore, a more precise predictive marker 
is needed to select the patients who will receive significant 
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a Recurrence-free survival and b overall survival curves based on 
FBXW7 expression in all GIST cases (n = 182). c Recurrence-free 
survival in the high-risk cases (n = 42), d overall survival curves 

based on FBXW7 expression in the intermediate-/high-risk cases 
(n = 65). The high and low FBXW7 expression groups are indicated 
by the unbroken and broken lines, respectively
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benefit from adjuvant therapy. Although more molecular 
gene alterations have been identified in GISTs, most are not 
acceptable as predictive markers.

Recent reports showed that cyclin H and p16 are indica-
tors of high-risk GIST [24, 25]. Most recently, Ihle et al. [11] 
revealed that expression of cell-cycle regulators, such as cyc-
lin D1, CDK4, p21, and p16, was associated with recurrence 
in 400 high-risk patients with GISTs. These results suggest 
that genes regulating cell cycle are promising markers pre-
dictive of the risk of recurrence after curative resection. In 
this study, we focused on FBXW7, a regulator of the cell 
cycle and critical tumor suppressor gene in human cancers. 
In hepatocellular carcinoma and colorectal cancer, a low 
level of FBXW7 expression, which affects c-myc and Notch 
1 expression, is significantly correlated with cell prolifera-
tion, invasion, and migration and poor prognosis [17, 26]. 
Our in vitro study demonstrated that FBXW7 gene altera-
tions can regulate cell proliferation, invasion, and migration 
via c-myc and Notch 1 in GIST-T1 cells, which is consistent 

with several previous reports. Therefore, our results sug-
gest that the malignant behavior of GIST-T1 cells expressing 
low levels of FBXW7 results in a poorer clinical prognosis. 
Especially, we found that FBXW7 expression was a signifi-
cant factor affecting RFS in intermediate-/high-risk patients 
(Fig. 2d; Table 2b), whereas the expression of c-myc, phos-
phorylated c-myc, and Notch 1 is not significantly associ-
ated with prognosis. This finding suggests that FBXW7 is 
more useful prognostic marker for GIST because FBXW7 
can regulate the stability of multiple oncoproteins, including 
c-myc, and Notch 1.

Our study has several limitations. First, mutations in 
FBXW7 have been reported in several types of cancers 
[27]. Despite the high frequency of FBXW7 mutations 
observed in other cancers, the FBXW7 mutations associ-
ated with GISTs are unknown. Therefore, mutation analyses 
of FBXW7 in GISTs are needed in future studies. Second, 
the molecular mechanism of FBXW7 suppression in GISTs 
remains unclear. We speculate that epigenetic transcriptional 
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Fig. 3  Effect of FBXW7 gene silencing on GIST-T1 cells. a FBXW7 
expression in GIST-T1 cells transfected with FBXW7 siRNAs was 
suppressed compared with cells transfected with the control siRNA, 
as confirmed by qRT-PCR. Expression of c-myc and Notch 1 was 
increased by transfection with the FBXW7 siRNAs, as confirmed 
by Western blotting. b The proliferation rate of GIST-T1 cells trans-
fected with FBXW7 siRNAs (unbroken line) was significantly greater 

than that of cells transfected with the control siRNA (broken line). c 
The number of invading cells after 22 h was significantly greater in 
GIST-T1 cells transfected with the FBXW7 siRNAs compared with 
the control siRNA. d GIST-T1 cells transfected with the FBXW7 
siRNAs, compared with the control siRNA, migrated significantly 
greater distances within a 24 h period. Photographs were taken every 
10 min for 24 h
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regulation [28, 29], translational regulation by non-coding 
RNAs [18, 30], and copy number loss [17, 31] of FBXW7 are 
involved, as reported previously. Further studies are needed 
to identify the mechanism of FBXW7 regulation in GISTs. 
Despite these limitations, our results have several clinical 
implications. Although imatinib as adjuvant therapy defini-
tively contributes to improve the prognosis for high-risk 
GIST, it is possible that the evaluation of FBXW7 in addi-
tion to conventional risk stratification can help us to select 
the patients who should receive adjuvant therapy, especially 
in intermediate-risk group. This molecular analysis along 
with clinical risk stratification will help us to guide the per-
sonalized therapy for advanced GIST.

In conclusion, we demonstrated by multivariate analysis 
that FBXW7 expression in GISTs is an independent predic-
tive marker of RFS following surgery. FBXW7 may be a 
reliable marker to identify patients who will benefit from 
adjuvant therapy better than conventional risk stratification 
in a clinical setting.
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