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Objectives. The incidence of gastrointestinal stromal tumors (GISTs) located in the colon is rare. Current studies mainly focus on
case reports for colonic GISTs. Therefore, a population-based analysis was useful to guide the clinical treatment strategy. Methods.
The patients were selected from 2000 to 2015 based on Surveillance, Epidemiology, and End Results (SEER) database. Patients’
demographics, tumor characteristics, incidence, treatment, and survival were retrieved for analysis. Results. 249 cases of colonic
GISTs were collected. The male-female ratio was close to 1:1 (male 51.41%, female 48.59%). Most cases were Caucasians
(70.28%), and African Americans accounted for 19.68%. Age of diagnosis ranged from 21 to 93 years with a median (mean) age
of 67.5 (65.56). The incidence was rare, only 0.018 per 100,000. It had an annual percentage change (APC = -0.7728) without
statistical significance (P = 0.5127) while the incidence of other GISTs increased from 2000 to 2015, with an annual percentage
change of 3.9% (P =0.0001). Surgery was associated with better prognosis whereas chemotherapy did not impact the survival
rate. Conclusion. Colonic GIST is a rare solid tumor, and the incidence is stable. The entity has a poorer prognosis than other

GISTs. Surgery improved the survival rate, while chemotherapy did not.

1. Introduction

Gastrointestinal stromal tumors (GISTs), caused by intersti-
tial cells of Cajal, have been proven to be the most common
mesenchymoma in the gastrointestinal tract [1]. It is reported
that the morbidity rate of GISTs is between 11 and 15 people
per million [2]; however, an increasing number of studies
have found out that it disappreciates seriously [3, 4].

GISTs mainly occur in the digestive tract, such as the
stomach (70%), small intestine (20%-30%), and colon and
rectum (10%) [5]. Although some inspiring progress has
been made about the treatments of GISTs, surgical resection
is still the main treatment method. The 5-year survival
rate is 48-70% after a local GIST resection, and the recur-
rence rate is 40-80% even though a histopathologically

complete resection of the tumor is done [6]. When the tumor
recurs or metastasizes, imatinib, a small-molecule tyrosine
kinase inhibitor [7], is used to kill tumor cells to improve
prognosis [8].

It is challenging to estimate the invasiveness and malig-
nant potential of GISTs. There are various influencing factors
in the prognosis of GISTs, including tumor size, mitotic rate,
tumor ulceration, sex, age, symptoms, and IHC results
[9, 10]. Besides, the tumor location is also considered a pre-
dictive index, and nongastric disease location can lead to a
worse prognosis [2]. However, studies on colonic GISTs are
rare at present, and the literature is mainly case reports or
small case series. Therefore, we utilized the population-
based SEER database to investigate the incidence and survival
trend of colonic GISTs, as well as to elucidate epidemiologic
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TaBLE 1: Patient demographics and incidence.
Colonic GIST (N = 249) Other GISTS (N =9741) P
Male 128 (51.41) 5125 (52.61) 0.706
Sex, n (%)
Female 121 (48.59) 4616 (47.39)
White 175 (70.28) 6694 (68.72) 0.370
. Black 49 (19.68) 1741 (17.87)
Race/ethnicity
Other 25 (10.04) 1269 (13.03)
NA 0 37 (0.38)
Married 139 (55.82) 5567 (57.15) 0.342
Marital status Other 92 (36.95) 3673 (37.71)
NA 18 (7.23) 501 (5.14)
Range 21-93 8-101 0.029
Age Median 67.5 64
Mean 65.56 63.17
Grade I 19 (7.63) 1092 (11.21) 0.000
Grade II 18 (7.23) 909 (9.33)
Grade
Grade III/IV 50 (20.08) 951 (9.76)
NA 162 (65.06) 6789 (69.70)
Range 0-187 0-191 0.470
Survival months Median 43 44
Mean 54.78 55.19
Colon 249 NA
Stomach NA 5626 (57.76)
) Small intestine NA 2650 (27.20)
Location
Rectum and anus NA 276 (2.83)
Esophagus NA 56 (0.57)
Other NA 1132 (11.62)
Incidence 0.018 0.719

Annual percentage change (2000-2015)

-0.7728 (P = 0.5127)

3.9106 (P =0.0001)

Rates are per 100,000, and age is adjusted to the 2000 US Standard Population (19 age groups, census P25-1130) standard.

traits, treatment modalities, staging frequency, and survival
outcome, thus providing new insight for colonic GISTs.

2. Materials and Methods

2.1. Patient and Tumor Characteristics. Some basic infor-
mation, including frequency, incidence, and survival data,
for colonic and other GISTs between 2000 and 2015 were
extracted from SEER. Because patient identifiers were
omitted in the SEER 18 database, this research finds it
unnecessary to get the approval of the Institutional Review
Board (IRB).

The SEER 18 database was selected utilizing a histolo-
gy/behavior code (8936) corresponding to GISTs based on
International Classification of Diseases for Oncology, 3rd
Edition (ICD-O-3). We divided the search results into
two parts: one group is called colonic GISTs as the tumors
are located in the colon and the other is called other
GISTs as tumors are located elsewhere in the digestive
tract. We conducted classification and statistics for the
weight of patient characteristics in the light of sex, ethnic-
ity, marital status, age, tumor location, and grade. We

classified tumor characteristics by utilizing the tumor-
node-metastasis (TNM) staging and the American Joint
Committee on Cancer (AJCC) staging and operation
method. Patients who survived to the deadline and
patients who were not followed up or died of other rea-
sons belonged to the right-censored data for the overall sur-
vival (OS) and cancer-specific survival (CSS) analysis.

2.2. Incidence and Survival. All rates were reported per
100,000 persons, and age of the cases was adapted for the
2000 US Standard Population (19 age groups, census
P25-1130) standard. The annual percentage change (APC)
was also figured out in incidence using 1-year endpoints to
analyze the survival rate. Two indicators were used to analyze
the survival trends—OS and CSS. Results of the OS and CSS
by surgery modality and tumor staging were also obtained
through Kaplan-Meier analysis.

2.3. Statistical Analysis. Frequency, incidence, and survival
data of all cases were extracted and analyzed from the SEER
18 database by utilizing the SPSS software (version 20.0, SPSS
Inc., Chicago, IL, USA), MedCalc statistical software (version
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FIGURE 1: Survival analysis between colonic GISTs and other GISTs in OS/CSS.
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15.2.2, MedCalc Software bvba, Ostend, Belgium), or SEER *
Stat 8.3.5 software (National Cancer Institute, Bethesda,
Maryland). The incidence data were analyzed through
weighted least squares to generate annual percentage change
based on 1-year endpoints using the SEER=Stat 8.3.5 soft-
ware. Student’s ¢-test was used to compare continuous vari-
ables, whereas as for categorical variables, we adopted the
chi-square test for analysis. A P value of <0.05 indicates
statistical significance, and all P values were two-tailed.

3. Results

3.1. Patient Characteristics. A total of 10046 GIST patients
were collected in which 56 cases with an unknown tumor
site were excluded. 249 colonic GIST and 9741 other GIST
cases were included. The demographic characteristics are
demonstrated in Table 1. Colonic GISTs were found to be
more common in males with a slight male predominance
(male 51.41%, female 48.59%) which was consistent with pre-
vious studies [11-13]. 55.82% of the patients were married,
and most cases were Caucasians (70.28%), while African
Americans accounted for 19.68% and others represented
10.04%. The distribution of the corresponding proportions
in other GISTs is similar to that in colonic GISTs
(P=0.706, P=0.370, and P =0.342, respectively). The
age of onset ranged from 21 to 93 with a median (mean)
age of 67.5 (65.56) in colonic GISTs whereas in other
GISTs, the age range was from 8 to 101 and the median
(mean) was 64 (63.17) (P=0.029). Besides, more colonic
GISTs were in higher-grade lesions than other GISTs
(20.08% vs. 9.76%, P =0). According to the ICD-O-3 pri-
mary site code, most (57.76% and 27.20%) cases of other
GISTs were located in the stomach and the small intestine,
whereas about 11.162%cases did not arise in the digestive
tract (Table 1). Similar to previous reports [11, 14], GISTs
located in the colon demonstrated poorer OS and CSS than
other GISTs (Figure 1). However, the survival time showed
no remarkable difference between the two groups (Table 1).

3.2. Tumor Characteristics. Tumor-node-metastasis (TNM)
staging and American Joint Committee on Cancer (AJCC)
staging are summarized in Table 2. We used the AJCC sev-
enth edition staging system for there is no foreseeable change
in the AJCC eighth edition for GIST [15]. In colonic GISTs,
T1 tumors were the most commonly identified (30.53%),
followed by a lesser proportion of T2 (18.95%), T3
(15.79%), and T4 (12.63%) (P = 0). Lymph node involvement
was infrequent with NO of 91.58% (P =0). As for distant
metastasis, metastasis (M1) occurred in 15.79% of cases and
78.95% did not have distant metastasis. The AJCC staging
was arranged according to the proportion from high to low
in colonic GISTs—I (27.37%), III (18.95%), IV (15.79%),
and II (6.32%) (P =0.001).

3.3. Incidence Analysis. The incidence of colonic GISTs was
rare, which was ascertained to be 0.018 per 100,000 between
the years 2000 and 2015 based on age adjusted to the 2000 US
Standard Population (19 age groups, census P25-1130) stan-
dard (Table 1). Although the annual percentage change
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TaBLE 2: TNM staging and AJCC staging for colonic GIST (n = 95).

(a)
Colon

TNM % P

ToO 0 0 0

T1 29 30.53

T2 18 18.95
T T3 15 15.79

T4 12 12.63

Tx 16 16.84

NA 5 5.26

NO 87 91.58 0
N N1 3 3.16

Nx 5 5.26

MO 75 78.95 0
M M1 15 15.79

Mx 5 5.26

(b)

Colon
AJCC n % P
I 26 27.37 0.001
1I 6 6.32
II1 18 18.95
v 15 15.79
NA 30 31.58

(2000-2015) was -0.7728%, the slight decrease of incidence
lacked statistical significance (P = 0.5127). However, the inci-
dence of other GISTs was 0.719 per 100,000, with an annual
percentage change (2000-2015) of 3.9106% (P =0.0001)
(Table 1, Figure 2).

3.4. Treatment and Survival Analysis. The trends in therapy
are summarized in Table 3. Surgery was performed in
79.52% of colonic GISTs and 77.35% of other GISTSs, which
presents a statistically significant tendency (P = 0). In colonic
GIST cases, the largest proportion of surgery was total exci-
sion (35.34%) and partial excision on its heels (31.33%),
while partial excision was the most common (44.45%) in
other GISTs. Chemotherapy was used in 31.33% of colonic
GISTs, compared with 39.13% for other GISTs, showing a
statistically significant difference (P = 0.013).

Colonic GISTs showed poorer prognosis than other
GISTs (Figure 1). The survival rate was used to evaluate the
effectiveness of surgery and chemotherapy for cancer treat-
ment. Surgery significantly improved the OS and CSS rates
via Kaplan-Meier analysis for colonic GISTs (Figure 3).
However, chemotherapy did not have an advantageous effect
to improve the five-year OS (no chemotherapy: 57.8%, che-
motherapy: 54.8%, P=0.686) or CSS (no chemotherapy:
72.3%, chemotherapy: 69.6%, P = 0.705) (Figure 4). Besides,
we also performed a comparison among the three treatment
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TasLE 3: Therapy for colonic GISTs and other GISTs.

Colon (%) Other sites (%)

Surgery type 0

No surgery 50 (20.08) 2117 (21.73)

Local excision 11 (4.42) 1144 (11.74)

Partial excision 78 (31.32) 4330 (44.45)

Total excision 88 (35.34) 532 (5.46)

En bloc 14 (5.62) 1324 (13.59)

Surgery NOS 7 (2.81) 205 (2.10)

Unknown 1(0.4) 89 (0.91)
Chemotherapy 0.013
Chemotherapy 78 (31.33) 3812 (39.13)

No chemotherapy 171 (68.67) 5929 (60.87)

modalities, including surgery alone, chemotherapy alone,
and combined therapy (Figure 5).

4. Discussion

Approximately 75-85% of GIST arises in the stomach and the
small intestine [16]. Colonic GIST reportedly constitutes
about 2.9-9.3% of GIST [14, 17, 18]. Studies on colonic GIST

are limited by its rarity. Most literature describing the charac-
teristics, incidence, survival, and treatment strategies of
colonic GIST are small case series or case reports [19-23].
The rarity of colonic GIST was confirmed by our analysis,
presenting an incidence of 0.018 per 100,000 between 2000
and 2015 (Table 1, Figure 2) and accounting for 2.49% of
GISTs (Table 1). However, APC in the incidence of colonic
GIST does not significantly change between 2000 and 2015.
Meanwhile, other GISTs demonstrate a notable APC increase
(APC 3.9106%, P =0.0001) (Table 1, Figure 2). Due to the
inconsistencies of incidence between colonic and other
GISTs, we sought to do a population-based large sample size
analysis in an effort to elucidate the baseline characteristics,
prognosis, and treatment modalities of this malignancy. We
revealed a very interesting trend in colonic GIST using the
SEER database.

Male sex, the age of diagnosis, and marital status were
reported to be independent risk factors for GISTs [11, 13,
24]. Colonic and other GIST groups were similar in terms of
sex, age, and marital status distribution (Table 1). Patients in
the colonic GIST group presented with a higher percentage
of high-grade lesions, are diagnosed at an older age, and had
poorer prognosis (Tables 1 and 2 and Figure 1). About half
of colonic GISTs were in the early T stage (T1, 30.53%;
T2, 18.95%; Table 2) while most colonic GISTs (NO,
91.58%; MO, 78.95%) had no lymph node involvement and
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FIGURE 3: Surgery significantly improved the OS and CSS rates via Kaplan-Meier analysis of colonic GISTs.
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distant metastasis (Table 2). The percentage of GIST in
AJCC stage I/II was almost equal to that in AJCC stage
II/IV (Table 2).

Our analysis validated previous studies regarding the
decreased survival of colonic GISTs compared with other
GISTs [14, 17]. We demonstrated that OS and CSS were sig-
nificantly higher in other GISTs than in colonic GISTs
(Figure 1). 5-year CSS of 71.5% in our study is higher than
the reported 61.5% in prior studies for colonic GISTs [17],
but with similar 5-year OS. The descended prognosis of
colonic GISTs compared with other GISTs demonstrated
the differences in the behavior of this malignancy.

Surgery is a potentially curative treatment for primary
GISTs and is the gold standard of resectable GISTs [25]. In
our cohort, about four-fifths of patients with colonic GIST
underwent surgery, and patients who underwent surgery
showed a significantly higher OS and CSS compared with
those who did not (Figure 3). The largest proportion of exci-
sion was total excision (35.34%) and partial excision on its
heels (31.33%), whereas partial excision was the most com-
mon (44.45%) in other GIST patients (Table 3). The reason
might be discriminating the degree of invasion nature
between colonic and other GISTs [14].

In 2002, the first tyrosine kinase inhibitor (TKI), also
called imatinib, was approved by the United States Food
and Drug Administration (FDA) for the treatment of meta-
static or unresected GISTs for the impressive effect [26].
The following studies confirmed its effects on neoadjuvant
therapy and long-term therapy [18, 27]. Unfortunately, in
our study, we were unable to analyze the effect of TKIs, since
the SEER database does not contain specific information for
chemotherapy. The K-M analysis reflected that chemother-
apy illustrated no significant improvement of OS and CSS
compared with the group without chemotherapy (Figure 4).
When it came to the comparison of patients by therapeutic
modalities, some interesting trends were noted (Figure 5).
Patients in the group that only had surgical treatment had a
significantly greater OS/CSS than those in the group who
only had chemotherapy and who showed around 30/20 per-
cent of increased OS/CSS (Figure 5). The group who only had
surgical treatment had very similar survival rates compared
with the group who had surgical treatment and chemother-
apy (Figure 5). Interestingly, survival analysis found that
patients who undertook surgery and chemotherapy had
improved OS compared with the patients who undertook
chemotherapy alone (P=0.019, Figure 5), but not CSS
(P =0.136, Figure 5). The reason for this phenomenon might
be the small number of people in the group who have under-
gone chemotherapy alone (1 = 23, Figure 5). The other spec-
ulative reason might be that the patients who undertook
chemotherapy alone or surgery plus chemotherapy treatment
was in more advanced AJCC stages where surgery was not
feasible. Unfortunately, we were unable to analyze this due
to massive missing data of the AJCC stage (61.85%).

Despite the SEER database providing a nationally repre-
sentative insight into rare colonic GIST, there were certain
limitations. The recurrence of GISTs was not rare as what
studies revealed in the past [25, 28, 29]. However, SEER does
not contain sufficient information about recurrence. Some

factors such as resection margin and use of chemotherapy
[25] which affected survival rates were also not provided in
SEER. Additionally, staging information was available for
only 65 colonic GIST cases; the low number of cases might
affect our conclusion due to selection bias. Even with these
considerations, this study contributes to an analysis of the
largest sample size of colonic GIST to date. We describe the
behavior of the infrequent colonic GIST via the population-
based resource and provide a better understanding of
baseline characteristics, incidence, management strategies,
and prognostic outcome.

5. Conclusion

A colonic gastrointestinal stromal tumor is a rare solid
tumor with a very low and basically stable incidence. About
half of the tumors are in the early T stage. The probability of
lymph node involvement and distant metastasis is exceed-
ingly rare. Surgery resection remains the primary choice to
improve survival.

Data Availability

The data analyzed during the current study are available in
SEER data (1973-2015) (https://seer.cancer.gov/data/).

Conflicts of Interest

The authors declare that they have no competing interests.

Authors’ Contributions

Zhiqiang Liu and Yan Sun contributed equally to this work.

Acknowledgments

This work was supported by grants (Nos. 81472309 and
81372261) from the National Natural Science Foundation
of China.

References

[1] M. Schmieder, D. Henne-Bruns, B. Mayer et al., “Comparison
of different risk classification systems in 558 patients with gas-
trointestinal stromal tumors after RO-resection,” Frontiers in
Pharmacology, vol. 7, p. 504, 2016.

[2] M. L. Yang, J. C. Wang, W. B. Zou, and D. K. Yao, “Clinico-
pathological characteristics and prognostic factors of gastroin-
testinal stromal tumors in Chinese patients,” Oncology Letters,
vol. 16, no. 4, pp. 4905-4914, 2018.

[3] K. Kawanowa, Y. Sakuma, S. Sakurai et al., “High incidence of
microscopic gastrointestinal stromal tumors in the stomach,”
Human Pathology, vol. 37, no. 12, pp. 1527-1535, 2006.

[4] S.Rossi, D. Gasparotto, L. Toffolatti et al., “Molecular and clin-
icopathologic characterization of gastrointestinal stromal
tumors (GISTs) of small size,” The American Journal of Surgi-
cal Pathology, vol. 34, no. 10, pp. 1480-1491, 2010.

[5] M. Miettinen and J. Lasota, “Gastrointestinal stromal tumors:
review on morphology, molecular pathology, prognosis, and
differential diagnosis,” Archives of Pathology ¢ Laboratory
Medicine, vol. 130, no. 10, pp. 1466-1478, 2006.


https://seer.cancer.gov/data/

10

(6]

(10]

(11]

(12]

(13]

(14]

[15]

(16]

(17]

(18]

(19]

N. Iorio, R. A. Sawaya, and F. K. Friedenberg, “Review article:
the biology, diagnosis and management of gastrointestinal
stromal tumours,” Alimentary Pharmacology & Therapeutics,
vol. 39, no. 12, pp. 1376-1386, 2014.

M. C. Heinrich, C. D. Blanke, B. J. Druker, and C. L. Cor-
less, “Inhibition of KIT tyrosine kinase activity: a novel
molecular approach to the treatment of KIT-positive malig-
nancies,” Journal of Clinical Oncology, vol. 20, no. 6,
pp. 1692-1703, 2002.

K. Giuliano, A. Ejaz, B. N. Reames et al., “Comparing the long-
term outcomes among patients with stomach and small
intestine gastrointestinal stromal tumors: an analysis of the
National Cancer Database,” Journal of Surgical Oncology,
vol. 118, no. 3, pp. 486-492, 2018.

Y.-P. Wang, Y. Li, and C. Song, “Clinicopathological fea-
tures and prognosis of small gastrointestinal stromal tumors
outside the stomach,” Oncology Letters, vol. 10, no. 5,
pp. 2723-2730, 2015.

P. Zhang, R. Deng, K. Liu et al,, “Clinicopathologic features
and prognosis of primary gastrointestinal stromal tumor
patients under 35 years of age: a 10-year retrospective study,”
Journal of Surgical Oncology, vol. 114, no. 8, pp. 977-981, 2016.

G. L. Ma, J. D. Murphy, M. E. Martinez, and J. K. Sicklick,
“Epidemiology of gastrointestinal stromal tumors in the era
of histology codes: results of a population-based study,” Can-
cer Epidemiology Biomarkers & Prevention, vol. 24, no. 1,
pp. 298-302, 2015.

M. C. Cheung, Y. Zhuge, R. Yang, and L. G. Koniaris, “Disap-
pearance of racial disparities in gastrointestinal stromal tumor
outcomes,” Journal of the American College of Surgeons,
vol. 209, no. 1, pp. 7-16, 2009.

H. Joensuu, A. Vehtari, J. Rithiméki et al., “Risk of recurrence
of gastrointestinal stromal tumour after surgery: an analysis of
pooled population-based cohorts,” The Lancet Oncology,
vol. 13, no. 3, pp. 265-274, 2012.

M. Kukar, A. Kapil, W. Papenfuss, A. Groman, S. R.
Grobmyer, and S. N. Hochwald, “Gastrointestinal stromal
tumors (GISTs) at uncommon locations: a large population
based analysis,” Journal of Surgical Oncology, vol. 111, no. 6,
pp. 696-701, 2015.

H. Oweira, J. Schmidt, A. Mehrabi et al., “Comparison of three
prognostic models for predicting cancer-specific survival
among patients with gastrointestinal stromal tumors,” Future
Oncology, vol. 14, no. 4, pp. 379-389, 2018.

K. Giuliano, N. Nagarajan, J. Canner et al., “Gastric and small
intestine gastrointestinal stromal tumors: do outcomes dif-
fer?,” Journal of Surgical Oncology, vol. 115, no. 3, pp. 351-
357, 2017.

U. Guller, I. Tarantino, T. Cerny, A. Ulrich, B. M. Schmied,
and R. Warschkow, “Revisiting a dogma: similar survival of
patients with small bowel and gastric GIST. A population-
based propensity score SEER analysis,” Gastric Cancer,
vol. 20, no. 1, pp. 49-60, 2017.

G. Biilbil Dogusoy and Turkish GIST Working Group, “Gas-
trointestinal stromal tumors: a multicenter study of 1160
Turkish cases,” The Turkish Journal of Gastroenterology,
vol. 23, no. 3, pp. 203-211, 2012.

T.S. Emory, L. H. Sobin, L. Lukes, D. H. Lee, and T. J. O'Leary,
“Prognosis of gastrointestinal smooth-muscle (stromal)

tumors: dependence on anatomic site,” The American Journal
of Surgical Pathology, vol. 23, no. 1, pp. 82-87, 1999.

(20]

(21]

[22]

(23]

(24]

(25]

(26]

[27]

(28]

[29]

Gastroenterology Research and Practice

E. Linhares, D. Herchenhorn, C. Gil et al., “Colorectal GISTs:
from presentation to survival. An analysis of 13 cases,”
Hepato-Gastroenterology, vol. 57, no. 101, pp. 755-759, 2010.

W. C. Tai, S. K. Chuah, J. W. Lin et al., “Colorectal mesenchy-
mal tumors - from smooth muscle tumors to stromal tumors,”
Oncology Reports, vol. 20, no. 5, pp. 1157-1164, 2008.

A. Amato, “Colorectal gastrointestinal stromal tumor,”
Techniques in Coloproctology, vol. 14, Supplement 1,
pp. 91-95, 2010.

R. P. DeMatteo, J. S. Gold, L. Saran et al., “Tumor mitotic rate,
size, and location independently predict recurrence after resec-
tion of primary gastrointestinal stromal tumor (GIST),” Can-
cer, vol. 112, no. 3, pp- 608-615, 2008.

M. Chen, X. Wang, R. Wei, and Z. Wang, “The influence of
marital status on the survival of patients with operable gastro-
intestinal stromal tumor: a SEER-based study,” The Interna-
tional Journal of Health Planning and Management, vol. 34,
no. 1, pp. 447-463, 2018.

K. T. Lim and K. Y. Tan, “Current research and treatment for
gastrointestinal stromal tumors,” World Journal of Gastroen-
terology, vol. 23, no. 27, pp. 4856-4866, 2017.

H. Joensuu, P. J. Roberts, M. Sarlomo-Rikala et al., “Effect of
the tyrosine kinase inhibitor STI571 in a patient with a
metastatic gastrointestinal stromal tumor,” The New England
Journal of Medicine, vol. 344, no. 14, pp. 1052-1056, 2001.

R. H. Andtbacka, C. S. Ng, C. L. Scaife et al, “Surgical
resection of gastrointestinal stromal tumors after treatment
with imatinib,” Annals of Surgical Oncology, vol. 14, no. 1,
pp. 14-24, 2007.

R. P. DeMatteo, J. J. Lewis, D. Leung, S. S. Mudan, J. M.
Woodruff, and M. F. Brennan, “Two hundred gastrointestinal
stromal tumors: recurrence patterns and prognostic factors for
survival,” Annals of Surgery, vol. 231, no. 1, pp. 51-58, 2000.

M. C. Heinrich, C. L. Corless, G. D. Demetri et al., “Kinase
mutations and imatinib response in patients with metastatic
gastrointestinal stromal tumor,” Journal of Clinical Oncology,
vol. 21, no. 23, pp. 4342-4349, 2003.



	Colonic Gastrointestinal Stromal Tumor: A Population-Based Analysis of Incidence and Survival
	1. Introduction
	2. Materials and Methods
	2.1. Patient and Tumor Characteristics
	2.2. Incidence and Survival
	2.3. Statistical Analysis

	3. Results
	3.1. Patient Characteristics
	3.2. Tumor Characteristics
	3.3. Incidence Analysis
	3.4. Treatment and Survival Analysis

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments

