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Gastrointestinal stromal tumors (GISTs) are the most 
common malignant mesenchymal tumors of the gas-

trointestinal tract (GI).[1] GISTs account for 0.1-3% of all gas-
trointestinal malignancies.[2] GISTs occur along the GI tract, 
most commonly in the stomach (60%) and small intestine 
(30%), and less commonly in the duodenum (5%), rectum 

(2-3%), and esophagus (1%).[3] Although it can occur at any 
age, advanced age is a risk factor for GIST, and the mean 
age of onset is 60 years.[4]

The curative treatment option for GISTs is surgery. The recur-
rence rate after surgery varies. Because of the differences in 
the biological behavior of GISTs and the difficulties in pre-
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dicting malignant potential, several studies have been per-
formed to determine prognosis. Various scoring systems, 
including tumor size, mitotic index, and localization, were 
defined at the end of these studies to assess the risk of re-
currence and disease prognosis following resection. Among 
these risk scoring systems, the Armed Forces Institute of Pa-
thology (AFIP) and the Modified-National Institutes of Health 
(M-NIH) classifications are the most commonly used.[5-7]

Recurrence in a group of patients with GIST after surgery 
was the basis for studies investigating the effectiveness of 
adjuvant therapy. Imatinib was shown to significantly en-
hance recurrence-free survival in a randomized controlled 
study published in 2009, one of the first to assess the ef-
ficacy of adjuvant therapy in resected GISTs.[8] Discussions 
on the duration of adjuvant imatinib treatment contin-
ued in the years that followed. The Scandinavian Sarcoma 
Group (SSG XVIII/AIO)’s study showed that treatment with 
imatinib for at least three years resulted in a significant im-
provement in overall survival in high-risk GIST patients.[9] 
Current guidelines recommend using imatinib as an adju-
vant after resection for 36 months in patients with interme-
diate and high-risk GIST.[10]

Although adjuvant treatment with imatinib is used as the 
standard of care, a group of patients still experience disease 
recurrence. This study aimed to retrospectively investigate 
the clinicopathologic characteristics, adjuvant treatment 
outcomes, recurrence, and survival of patients diagnosed 
with resected GIST and factors that may be associated us-
ing real-world data.

Methods
This study was a retrospective, multicenter cohort study 
study. Patients followed up with a diagnosis of gastroin-
testinal stromal tumors in three different centers in Turkey 
between January 2005 and May 2020 were retrospectively 
evaluated. The Ethics Committee of Health Sciences Uni-
versity Dr. Abdurrahman Yurtaslan Ankara Oncology Train-
ing and Research Hospital (2020-11/878, 25.11.2020) ap-
proved before the study. 

The study included patients aged 18 years and older who 
underwent R0 surgery and were diagnosed with a gastro-
intestinal stromal tumor. Patients who were metastatic at 
the time of diagnosis and not suitable for surgery were ex-
cluded from the study.

Patient (gender, age at diagnosis) and tumor characteris-
tics (anatomic location, tumor diameter, Ki-67 proliferation 
index, mitotic rate, histologic subtype, immunohistochem-
ical cd 117, and dog-1 positivity), treatment characteristics 
(adjuvant imatinib treatment and duration), and survival 
status were recorded by reviewing manual patient files 

and/or the electronic record system. Patients were staged 
in accordance with the 8th edition of the American Joint 
Committee on Cancer (AJCC). Risk groups were determined 
according to M-NIH criteria.

The primary endpoint of the study was relapse-free surviv-
al (RFS). The secondary endpoint was factors that may be 
associated with RFS and overall survival (OS).

For data analysis, IBM Statistical Package for Social Sciences 
(SPSS®) v.23 was used. The time from operation to relapse 
was defined as RFS, and the time from diagnosis to the last 
control date or death was defined as OS. The Kaplan-Meier 
method was used for survival analyses, and the log-rank test 
was used to compare subgroups. Factors that might be asso-
ciated with RFS were evaluated using Cox regression analy-
sis. A value of p<0.05 was considered statistically significant.

Results
The median age of the 104 patients included in the study 
was 61 years (35-87 years), while 58.7% (n=61) were male. 
The most common primary location was the stomach 50% 
(n=52), and the second most common location was jeju-
num/ileum 32.7% (n=34). According to M-NIH criteria, 50% 
(n=52) patients were in the high-risk group. Table 1 shows 
all patient characteristics.

Imatinib was given to 36 % (n=18) of the 48.1% (n=50) pa-
tients who got adjuvant therapy for one year, 26 % (n=13) for 
two years, and 34 % (n=17) for three years. During the me-
dian 35.9 (95% CI; 14.3-70.3) months follow-up period, recur-
rence occurred in 36 (34.6 %6) patients. The median RFS in 
the entire patient group was 62.1 (95% CI; 52.7-71.5) months. 
Adjuvant imatinib was not given to 44.5 % (n=16) of the pa-
tients, but it was given to 55.5 % (n=20) of the relapsed pa-
tients. Table 2 displays treatment-related characteristics.

When patients were grouped by the duration of adjuvant 
imatinib treatment, the median RFS was 20 months (95% CI; 
14.0-26.0) in those receiving 1-year adjuvant imatinib treat-
ment, whereas the median RFS was not reached in those re-
ceiving two years. The median RFS for patients who received 
adjuvant imatinib for three years was 62.1 months (95% CI 
50.8-73.4). The 5-year rate of RFS in patients, who had 1-year 
adjuvant imatinib, was 12.8 %. The 5-year rate RFS for those, 
who received 2-year and 3-year adjuvant imatinib therapy, 
was 60.6% and 58.2%, respectively. It was observed that 
patients treated with imatinib for both two years and three 
years had a better RFS compared to those treated with ima-
tinib for only one year (p=0.043, p=0.001, Fig. 1).

Examination of RFS by risk group showed that the medi-
an RFS was not achieved in patients in the low-risk group. 
The median RFS was 40.5 months (95% CI; 16.3-64.7) in 
the intermediate-risk group, and the median RFS was 56.3 
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(95% CI; 40.9-71.7) months in the high-risk group. The RFS 
of low-risk patients was significantly better compared to 
intermediate-risk patients (p<0.001) and high-risk patients 
(p=0.001). The median RFS rates for intermediate and high-
risk groups were similar (p=0.159, Fig. 2). According to the 
M-NIH risk groups, the 1-year and 3-year RFS rates were 

100%, 100%; 93%, 63%; 85%, and 69% in the low-risk, inter-
mediate-risk, and high-risk groups, respectively.

When factors that might be associated with RFS were ex-
amined, it was observed that increased age at diagnosis 
(HR =0.952, %95 CI 0.910-0.995, p=0.030), Ki-67 rate be-
low 10% (HR =5.007, %95 CI 1.503-16.680, p=0.009), low 
risk of M-NIH category (HR =21.083, %95 CI 2.119-209.769, 
p=0.009), adjuvant imatinib duration of 2 years (HR =0.255, 
%95 CI 0.070-0.920, p=0.037) or 3 years (HR =0.191, %95 CI 
0.040-0.919, p=0.039) were independent factors for RFS. It 
is shown in Table 3.

The overall patient group's estimated OS was 152.9 months 
(95 % CI; 121.2-184.7), with a 10-year OS of 62.5%. The 
5-year OS was 89.9% in the low-risk group, 80.7% in the 
intermediate-risk group, and 76.6% in the high-risk group. 
There was no significant difference between the risk groups 
concerning OS (p=0.096, Fig. 3).

There was a significant difference between groups in terms 
of OS when those who received three years of adjuvant ima-
tinib treatment and those who received one year of imatinib 
were compared in OS (p=0.001, Fig. 2). There was no statis-
tically significant difference in OS between the 3-year and 
2-year adjuvant imatinib groups (p=0.265, Fig. 2).

Discussion
Age at diagnosis, M-NIH risk category, Ki-67, and duration 
of adjuvant imatinib treatment were identified as indepen-
dent factors influencing RFS in this study, which evaluated 
the clinical characteristics and treatment results of GISTs 
undergoing surgery. 

When it comes to the demographics of GISTs, significant co-
hort studies conducted in various geographies found that 

Table 1. Main patient and tumors characteristics of study 
population (n=104)

Characteristics	 n	 %

Gender
	 Female	 43	 41.3
	 Male	 61	 58.7
Age-median-range	 61	 35-87
Stage
	 Stage 1-small intestinal GIST	 7	 6.7
	 Stage 1a	 19	 18.3
	 Stage 1b	 16	 15.4
	 Stage 2	 15	 14.4
	 Stage 3a	 23	 22.1
	 Stage 3b	 24	 23.1
Tumor size (cm)
	 <2	 6	 5.8
	 2-5	 36	 34.6
	 5-10	 30	 28.8
	 >10	 30	 28.8
	 Unknown	 2	 1.9
Localization
	 Gastric	 52	 50
	 Doudenum	 6	 5.8
	 Jejenum/ileum	 34	 32.7
	 Rectum	 4	 3.4
	 Extragastrointesinal	 8	 7.7
Ki-67
	 <10%	 65	 62.5
	 >10%	 28	 26.9
	 Unknown	 11	 10.6
Mitotic index
	 <5/50	 53	 51
	 >5/50	 48	 46.2
	 Unknown	 3	 2.9
Histologic subtype
	 Spindle cell type	 94	 90.4
	 Epitheloid type	 3	 2.9
	 Mixed	 5	 4.8
	 Unknown	 2	 1.9
M-NIH risk category
	 Low	 35	 33.7
	 Medium	 17	 16.3
	 High	 52	 50

M-NIH: Modified-National Institutes of Health ; GIST: Gastrointestinal 
stromal tumors

Table 2. Adjuvant treatment features

Characteristics	 n	 %

Adjuvant imatinib
	 Yes	 50	 48.1
	 No	 54	 51.9
Adjuvant duration
	 1 year	 18	 36
	 2 year	 13	 26
	 3 year	 17	 34
	 Continue	 2	 4
Recurrence
	 Yes	 36	 34.6
	 No	 38	 65.4
Recurrence surgery
	 Yes	 9	 25
	 No	 27	 75
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the median age was around 60, and the gender distribution 
was nearly equal. While the median age at diagnosis in our 
patient group is consistent with these data, the number of 
male patients was higher in our group.[11-13] The information 
that the most common localization of GISTs is stomach and 
small intestine is also consistent with our study.[3,11,14] In con-
trast to previous studies, our GIST cases located in the ex-
tra-gastrointestinal tract accounted for approximately 7.7% 
of our total cohort.[13,15] In addition to ethnic and geograph-
ical differences, the fact that we work as a referral center, 
as mentioned earlier, may explain the higher incidence of 
extra-gastrointestinal localized cases in our study. 

Adjuvant imatinib studies in the treatment of gastrointes-
tinal tumors have formed the basis of recurrence rates of 
up to 50% following surgical resection. It has been included 
in the guidelines as a standard treatment since 2009.[8,16] In 
a multicentre trial in the United States including 107 oper-
eted high risk GIST patients (tm diameter >10 cm or tumor 
rupture or five peritoneal metastases), the 3-year RFS rate 
with 1-year adjuvant imatinib was reported 61%.[17] In a sim-
ilar patient group, the 3-year RFS rate with adjuvant 1-year 

imatinib was reported as 57% in another multicenter study 
from Japan.[18] The 3-year RFS rate achieved with 1-year ad-
juvant imatinib treatment in our study was 38.4%. In the 
EORTC study, the efficacy of adjuvant 2-year imatinib use 
was examined, and the 5-year RFS was 69%, whereas this 
rate was 60.6% in our study.[19] Considering the efficacy of 
3-year adjuvant use of imatinib, the 5-year rate RFS in the 
pivotal SSG XVIII AIO the trial was 71.1%, whereas, in our 
study, it was 58.2%.[9,20,21] It is thought that ,compared to the 
mentioned studies, differences in patient characteristics 
and the small number of patients might be the reason of 
lower RFS rates with adjuvant therapy in our study.

In a study from China in which RFS rates of 497 GIST pa-
tients were evaluated according tothe M-NIH scoring sys-
tem; respectively low, medium and high risk groups, 1-year 
RFS rates in ; 100%, 100%, 80%,while the 3-year RFS rate is; 
ıt was found to be 100%, 93.8%, 53.1%.[12] From our coun-
try, Şenol et al.[22] according to the M-NIH scoring system, 
in low, medium and high risk groups, respectively; 1-year 
RFS rates: 100%, 90%, 82%, 3-year RFS rates; 100%, 90.2%, 
48.9%. RFS rates were found to be higher in the low- and 
intermediate-risk groups than in the high-risk group in 
both studies. Although the RFS rates achieved in the low-
risk group were better than those in the moderate- and 
high-risk groups, there was no difference in RFS rates in 
our study's moderate- and high-risk groups. While all of our 
high-risk patient group received adjuvant imatinib thera-
py, half of our patients in the intermediate-risk group were 
treated with adjuvant therapy. This might be the reason 
of similar RFS rates obtained in the both intermediate and 
high-risk groups in our study.

Many studies have attempted to define the factors that de-
termine prognosis in patients with GIST.[23-25] Although tu-
mor size and mitotic activity primarily effect the prognosis, 
it was thought that factors such as anatomic location and Ki-
67 might also be critical prognostic markers.[26-28] In a study 
of 1022 patients in China, a Ki-67 level of more than 6% was 
related to a poor prognosis.[29] Another research of 135 pa-
tients in Turkey found that having a high Ki-67 level was as-
sociated with a poor prognosis.[30] Similarly, Ki-67 >10% was 
shown to be a negative factor for recurrence in our study. 

The M-NIH classification is one of the two most widely used 
scoring systems for determining the risk of recurrence and 
disease prognosis following resection.[5-7] In a large series 
evaluating approximately 500 patients, it was observed 
that patients with a high-risk score according to the M-NIH 
scoring system were an independent determinant of OS 
and RFS compared to the non-high-risk group.[12] Accord-
ing to the M-NIH scoring system, high risk was defined as 
the most critical factor for recurrence in another study by 

Figure 1. Relapse-Free survival of treated with adjuvant imatinib.

Figure 2. Relapse-Free survival according to M-NIH score (low, medi-
um, high risk groups).

M-NIH: Modified-National Institutes of Health
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Mucciarini et al.,[1] which included 124 patients diagnosed 
with GIST. Similarly, in our research, being in the high and 
moderate M-NIH class was determined to be an indepen-
dent negative factor for RFS.

In a large series of about 3000 patients in Taiwan, evaluating 
the factors affecting prognosis in patients with GIST, the pa-
tient group was divided into 50, 50-60, 60-70, 80, and young-
er patients were found to have a better prognosis.[31] Similar-
ly, in a study conducted in our country by Hatipoglu et al.,[30] 
younger patients reported a better prognosis. Advanced age 
was also a negative prognostic factor in the Minzhi L study.[31] 
The conclusion that each unit of age decline in patients with 
GIST, obtained in our research, negatively affects prognosis 
needs to be investigated in a more extensive series.

Before the use of adjuvant imatinib, the 5-year overall sur-
vival rate in early-stage disease was 40%, but this rate im-
proved to more than 90% with the use of adjuvant imatinib.
[8,32] Zhao et al.[33] classified 185 high-risk GIST patients into 
four groups based on the duration of adjuvant treatment 
as <1 year, 1-2 years, 2-3 years, and >3 years, and the 5-year 
OS was reported as 64%, 88%, 88%, and 100%, respectively. 
Joensuu et al.[9] compared the 1-year adjuvant of imatinib 
to the 3-year adjuvant of imatinib, and the 5-year rate OS 
was 92.0% vs. 81.7%. In our study, there was a significant 
difference in OS between those who received three years of 
adjuvant imatinib treatment and those who received one 
year of imatinib treatment, but no statistical difference in 
OS between those who received three years of adjuvant 
imatinib treatment and those who received two years of 
adjuvant imatinib treatment. This result supports the sig-
nificant contribution of imatinib use longer than one year.
The heterogeneity of the patient groups was thought to be 

why adjuvant imatinib for 2 and 3 years did not make a sig-
nificant difference in OS.

In the study by Mucciarini et al. evaluating overall survival 
by risk group in patients with GIST, the 5-year overall survival 
rate was 90.1%, 93%, and 61.5% in the low-, intermediate-, 
and high-risk groups, respectively.[1] In the study by Wang 
et al., sharing their 15-year experience, the 5-year rates OS 
were 100%, 89.6%, and 65.9% in low-, moderate-, and high-
risk groups, respectively.[12] The 5-year overall survival rates 
by risk group in our study were similar to previous studies.

The limitations of our study were its retrospective nature, 
the relatively small number of patients, and the shorter 
median follow-up time compared with this type of well-
advanced disease. However, our study is very valuable in 
revealing the factors influencing recurrence and demon-
strating the efficacy of adjuvant therapy.

In conclusion, although GISTs have a good clinical course, 
a high Ki-67 score, young age, and a high M-NIH score are 

Table 3. RFS; Cox Regresssion Analysis

Parameter		  HR		  95% CI	 p

		  Lower		  Upper

Gender	 1.150		  0.394	 3.361	 0,798
Age	 0.952		  0.910	 0.995	 0.030
Stage	 1.172		  0.232	 5.925	 0.234
Tumor Diameter	 0.592		  0.135	 2.595	 0.487
Location of the tumor	 0.850		  0.356	 2.027	 0.713
Ki 67	 5.007		  1.503	 16.680	 0.009
Mitotic index	 0.971		  0.282	 3.336	 0.962
M-NIH Risk category	 21.083		  2.119	 209.769	 0.009
Adjuvant treatment time
	 Adjuvant treatment time, 1 year	 1.903		  0.587	 6.172	 0.284
	 Adjuvant treatment time, 2 year	 0.255		  0.070	 0.920	 0.037
	 Adjuvant treatment time, 3 year 	 0.191		  0.040	 0.919	 0.039

M-NIH: Modified-National Institutes of Health; RFS: Relapse-free survival; HR: Hazard ratio; CI: Confidence interval

Figure 3. Overall survival of treated with adjuvant imatinib.
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factors that negatively affect recurrence. A longer period 
of adjuvant treatment more than one year has a positive 
effect on recurrence.

Disclosures

Ethics Committee Approval: The study was approved by The 
Health Sciences University Dr. Abdurrahman Yurtaslan Ankara 
Oncology Training and Research Hospital Ethics Committe (Date: 
25/11/2020, No: 2020-11/878).
Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept – A.I.; Design – A.I., F.Y.; Su-
pervision – F.Y.; Materials – A.I., N.D., F.A.; Data collection &/or pro-
cessing – A.I., N.D., F.A.; Analysis and/or interpretation – E.E., F.Y.; 
Literature search – A.I.; Writing – A.I.; Critical review – F.Y.

References
1.	 Mucciarini C, Rossi G, Bertolini F, Valli R, Cirilli C, Rashid I, et 

al. Incidence and clinicopathologic features of gastrointesti-
nal stromal tumors. A population-based study. BMC Cancer 
2007;7:230.

2.	 Supsamutchai C, Wilasrusmee C, Hiranyatheb P, Jirasiritham J, 
Rakchob T, Choikrua P. A cohort study of prognostic factors 
associated with recurrence or metastasis of gastrointesti-
nal stromal tumor (GIST) of stomach. Ann Med Surg (Lond) 
2018;35:1–5.

3.	 Boukovinas I, Kotsakis A, Androulakis N, Aravantinos G, Mi-
chalaki V, Christodoulou C, et al. Recurrence-free survival and 
safety of imatinib in patients with gastrointestinal stromal tu-
mour (GIST) in Greece. Anticancer Res 2020;40:435–41.

4.	 Nowain A, Bhakta H, Pais S, Kanel G, Verma S. Gastrointestinal 
stromal tumors: clinical profile, pathogenesis, treatment strat-
egies and prognosis. J Gastroenterol Hepatol 2005;20:818–24. 

5.	 Bülbül Doğusoy G; Turkish GIST Working Group. Gastrointesti-
nal stromal tumors: A multicenter study of 1160 Turkish cases. 
Turk J Gastroenterol 2012;23:203–11.

6.	 Fletcher CD, Berman JJ, Corless C, Gorstein F, Lasota J, Longley 
BJ, et al. Diagnosis of gastrointestinal stromal tumors: a con-
sensus approach. Int J Surg Pathol 2002;10:81–9. 

7.	 Miettinen M, Lasota J. Gastrointestinal stromal tumors: pa-
thology and prognosis at different sites. Semin Diagn Pathol 
2006;23:70–83.

8.	 Dematteo RP, Ballman KV, Antonescu CR, Maki RG, Pisters PW, 
Demetri GD, et al; American College of Surgeons Oncology 
Group (ACOSOG) Intergroup Adjuvant GIST Study Team. Ad-
juvant imatinib mesylate after resection of localised, primary 
gastrointestinal stromal tumour: a randomised, double-blind, 
placebo-controlled trial. Lancet 2009;373:1097–104.

9.	 Joensuu H, Eriksson M, Sundby Hall K, Hartmann JT, Pink D, 
Schütte J, et al. One vs three years of adjuvant imatinib for 
operable gastrointestinal stromal tumor: a randomized trial. 

JAMA 2012;307:1265–72.
10.	von Mehren M, Kane JM, Bui MM, Choy E, Connelly M, Dry S, 

et al. NCCN Guidelines Insights: Soft Tissue Sarcoma, Version 
1.2021. J Natl Compr Canc Netw 2020;18:1604–12.

11.	Søreide K, Sandvik OM, Søreide JA, Giljaca V, Jureckova A, 
Bulusu VR. Global epidemiology of gastrointestinal stromal 
tumours (GIST): A systematic review of population-based co-
hort studies. Cancer Epidemiol 2016;40:39–46. 

12.	Wang M, Xu J, Zhang Y, Tu L, Qiu WQ, Wang CJ, et al. Gastroin-
testinal stromal tumor: 15-years' experience in a single center. 
BMC Surg 2014;14:93.

13.	Ahmed M. Recent advances in the management of gastroin-
testinal stromal tumor. World J Clin Cases 2020;8:3142–55.

14.	Zhang H, Liu Q. Prognostic Indicators for Gastrointestinal Stro-
mal Tumors: A Review. Transl Oncol 2020;13:100812. 

15.	Hatipoğlu E. Extragastrointestinal stromal tumor (EGIST): A 
16-year experience of 13 cases diagnosed at a single center. 
Med Sci Monit 2018;24:3301–6. 

16.	Joensuu H. Adjuvant treatment of GIST: patient selection and 
treatment strategies. Nat Rev Clin Oncol 2012;9:351–8.

17.	DeMatteo RP, Ballman KV, Antonescu CR, Corless C, Kolesn-
ikova V, von Mehren M, et al; American College of Surgeons 
Oncology Group (ACOSOG) Intergroup Adjuvant GIST Study 
Team for the Alliance for Clinical Trials in Oncology. Long-term 
results of adjuvant imatinib mesylate in localized, high-risk, 
primary gastrointestinal stromal tumor: ACOSOG Z9000 (Alli-
ance) intergroup phase 2 trial. Ann Surg 2013;258:422–9.

18.	Kanda T, Nishida T, Wada N, Kobayashi O, Yamamoto M, Sawa-
ki A, et al. Adjuvant therapy with imatinib mesylate after re-
section of primary high-risk gastrointestinal stromal tumors 
in Japanese patients. Int J Clin Oncol 2013;18:38–45.

19.	Casali PG, Le Cesne A, Poveda Velasco A, Kotasek D, Rutkowski 
P, Hohenberger P, et al. Time to definitive failure to the first ty-
rosine kinase inhibitor in localized gi stromal tumors treated 
with imatinib as an adjuvant: a european organisation for re-
search and treatment of cancer soft tissue and bone sarcoma 
group intergroup randomized trial in collaboration with the 
Australasian Gastro-Intestinal Trials Group, UNICANCER, French 
Sarcoma Group, Italian Sarcoma Group, and Spanish Group for 
Research on Sarcomas. J Clin Oncol 2015;33:4276–83.

20.	Joensuu H, Eriksson M, Sundby Hall K, Reichardt A, Hermes B, 
Schütte J, et al. Survival outcomes associated with 3 years vs 
1 year of adjuvant imatinib for patients with high-risk gastro-
intestinal stromal tumors: an analysis of a randomized clinical 
trial after 10-year follow-up. JAMA Oncol 2020;6:1241–6.

21.	Joensuu H, Eriksson M, Sundby Hall K, Reichardt A, Hartmann JT, 
Pink D, et al. Adjuvant Imatinib for High-Risk GI Stromal Tumor: 
Analysis of a Randomized Trial. J Clin Oncol 2016;34:244–50. 

22.	Şenol K, Özdemir GD, Akat AZ, Kama NA. Retrospective analy-
sis of prognostic factors affecting the recurrence and disease-
free survival following surgical management of gastrointesti-



216 Ilhan et al., Operated Gastrointestinal Stromal Tumors / doi: 10.14744/ejmi.2022.16557

nal stromal tumors. Turk J Surg 2020;36:209–17.
23.	McGrath PC, Neifeld JP, Lawrence W Jr, Kay S, Horsley JS 3rd, 

Parker GA. Gastrointestinal sarcomas. Analysis of prognostic 
factors. Ann Surg 1987;206:706-10.

24.	Franquemont DW. Differentiation and risk assessment of gas-
trointestinal stromal tumors. Am J Clin Pathol 1995;103:41–7.

25.	Dougherty MJ, Compton C, Talbert M, Wood WC. Sarcomas 
of the gastrointestinal tract. Separation into favorable and 
unfavorable prognostic groups by mitotic count. Ann Surg 
1991;214:569–74.

26.	Joensuu H, Vehtari A, Riihimäki J, Nishida T, Steigen SE, Bra-
bec P, et al. Risk of recurrence of gastrointestinal stromal tu-
mour after surgery: an analysis of pooled population-based 
cohorts. Lancet Oncol 2012;13:265–74. 

27.	Nishida T, Hirota S, Yanagisawa A, Sugino Y, Minami M, Yama-
mura Y, et al; GIST Guideline Subcommittee. Clinical practice 
guidelines for gastrointestinal stromal tumor (GIST) in Japan: 
English version. Int J Clin Oncol 2008;13:416–30. 

28.	Zhao B, Zhang J, Mei D, Zhang J, Luo R, Xu H, et al. The assess-
ment of different risk classification systems for gastrointesti-
nal stromal tumors (GISTs): the analytic results from the SEER 

database. Scand J Gastroenterol 2018;53:1319–27.
29.	Liu X, Qiu H, Zhang P, Feng X, Chen T, Li Y, et al. Ki-67 labeling 

index may be a promising indicator to identify “very high-risk” 
gastrointestinal stromal tumor: a multicenter retrospective 
study of 1022 patients. Human Pathology 2018;74:17–24.

30.	Hatipoglu E, Demiryas S. Gastrointestinal stromal tumors: 16 
years’ experience within a university hospital. Rev Esp Enferm 
Dig 2018:110:358–64.

31.	Chiang NJ, Chen LT, Tsai CR, Chang JS. The epidemiology 
of gastrointestinal stromal tumors in Taiwan, 1998-2008: 
a nation-wide cancer registry-based study. BMC Cancer 
2014;14:102

32.	DeMatteo RP, Lewis JJ, Leung D, Mudan SS, Woodruff JM, 
Brennan MF. Two hundred gastrointestinal stromal tumors: 
recurrence patterns and prognostic factors for survival. Ann 
Surg 2000;231:51–8.

33.	Zhao R, Wang Y, Huang Y, Cui Y, Xia L, Chen Y, et al. Adjuvant 
imatinib for patients with high-risk gastrointestinal stromal 
tumors: a retrospective cohort study. Scientific reports. Sci 
Rep 2017;7:16834.


