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In the post-Imatinib era, the median survival of patients diagnosed with GIST has reached almost 5 years. Prolonging 
GIST-specific survival, GIST patients have an increased incidence of secondary neoplasia. Data on the prognostic impact 
of second tumors in GIST patients are very poor with few and small retrospective analyses available in the literature. We 
conducted a retrospective monocentric analysis on 145 patients diagnosed with GIST between April 2001 and October 
2018. Kaplan-Meier and Cox hazard methods were used for survival analysis. A total of 154 GIST patients were included 
and 31 patients of them (21%) were diagnosed with at least one additional malignancy. The most common second tumors 
associated with GIST were gastrointestinal tumors. GIST patients with additional malignancies showed to have lower size 
(>5 cm: 35% vs 45%; p=0.75), higher mitotic rate (>5/50 HPFs: 42% vs 29%; p=0.24), higher presence of c-KIT mutation 
(85% vs 69%), a lower presence of PDGFRα mutation (8% vs 17%; p=0.05) and shorter survival (mOS: 9.6 vs 15.5 years; 
p=0.30). In conclusion, our study did not find any significant correlation between clinicopathological characteristics and 
the development of a second tumor in GIST patients. Further analyses and strict follow up protocols are needed in order to 
early diagnose and promptly treat a second primary tumor in the GIST population. 
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Gastrointestinal stromal tumors (GISTs) are the most 
common mesenchymal neoplasms in the gastrointestinal 
(GI) tract, affecting 10–15 people per million per year in 
Western countries [1]. The incidence is estimated to be higher 
in the Asian population at 16–20 per million per year [2], 
whereas it is estimated to be 6.8 per million per year in the 
USA [3]. There are no studies available with data on global 
incidence and prevalence. The most common sites of GISTs 
are stomach (50–60%) and small intestine (30–35%), and less 
frequently colon, rectum, appendix, and esophagus [4].

The activating mutation of c-KIT and PDGFRα genes 
are the most common driver mutation of GIST occurring 
in approximately 90% of cases [5]. Up to 10% of cases are 
related to mutations of the SDH complex, BRAF, or NF1 
genes. The identification of mutation of the c-KIT gene is 
fundamental for the diagnosis, the molecular classification, 
the therapeutic management, and consequently the outcomes 
of GIST patients [6]. Most GISTs are sporadic (~95%) but in 
some cases, they are observed in the context of hereditary 
syndromes due to germline mutations in c-KIT, PDGFRα, 

NF1, and SDH genes, such as Carney’s triad, Carney-Strat-
akis syndrome, and neurofibromatosis type 1, in which 
GISTs are associated with multiple additional benign and 
malignant tumors [7, 8]. In several single-institution case 
series and reviews, patients with sporadic GIST are reported 
to have an increased incidence of synchronous or metachro-
nous secondary neoplasms at rates from around 4.5% to 43% 
[8–20].

The most frequent GIST-associated cancers are gastroin-
testinal cancers, lymphoma/leukemia, prostate cancer, breast 
cancer, and kidney cancer [11, 19]. These tumors are discov-
ered incidentally during the clinical management of GISTs or 
GISTs are discovered during the treatment or the follow up of 
other malignancies [11]. Data on prognostic factors and the 
impact of second tumors in GIST patients are very poor and 
just a few clinical trials reported that additional neoplasms 
had a significant impact on patient outcome [16–19].

The aim of this retrospective analysis was to assess the 
prevalence and the histotype of second tumors in a GIST 
series, to identify clinicopathologic characteristics of GISTs 
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correlated to additional malignancies and to evaluate the 
impact of secondary neoplasms on GIST outcomes.

Patients and methods

This study was conducted at the Medical Oncology Unit 
1 of IRCCS Ospedale Policlinico San Martino of Genoa 
(Italy). It was carried out in accordance with the Declaration 
of Helsinki, Good Clinical Practice and local ethical require-
ments.

Study population. We conducted a retrospective 
monocentric analysis of all consecutive patients with a histo-
logically confirmed diagnosis of GIST followed and treated 
at our Medical Oncology Unit from April 2001 to October 
2018. GIST diagnosis was performed with immunohisto-
chemical staining using CD117, CD34, desmin, S100 protein, 
and smooth muscle actin. Since 2010 also molecular analysis 
of c-KIT (exon 9, 11, 13, and 17) and PDGFRα (exon 12, 14, 
and 18) genes using polymerase chain reaction (PCR) was 
performed.

GISTs before 2001 were excluded due to the high preva-
lence of misdiagnoses and miscoding in the 1990s [21]. 
Resected GISTs were classified by risk group of malignant 
behavior as very low, low, intermediate, and high according 
to Fletcher et al. [22] from 2002, Miettinen et al. from 2006 
[23], Joensuu et al. from 2008 [24, 25].

We recorded all cases of additional tumors, including 
malignancies, benign tumors, and skin tumors that occurred 
before and after the diagnosis of GIST. The IARC-IACR 
recommendations for the definition of multiple primaries 
were used as criteria for inclusion or exclusion of tumors as 
second primary cancers [26]. Second tumors were defined as 
synchronous if diagnosed within 6 months of the diagnosis 
of GIST or metachronous if the diagnosis was made more 
than 6 months before or after the diagnosis of GIST [19]. 
Patients were followed from the date of diagnosis of GIST 
until death or loss of follow-up. The median follow-up was 
5.5 years (range: 0.5–17 years).

Clinical data of patients were collected from medical 
records: clinicopathological characteristics regarding 
patients (age, gender), GIST (primary site, size, mitotic rate, 
driven mutations, Joensuu risk classification) and second 
tumor (benign/malignant, histology, the timing of diagnosis) 
were assessed and are summarized in Table 1. Patients were 
divided into two main groups: patients with only a diagnosis 
of GIST and patients with the diagnosis of GIST and 
additional neoplasms.

Statistical analysis. Comparisons of the characteristics 
between the two groups of patients were performed using 
the χ2 test for categorical variables and Student’s t-test for 
continuous variables.

In order to evaluate the relationship between clinical and 
biological characteristics of GIST and the occurrence of the 
second tumor(s), predictors of multiple cancer diagnoses 
were analyzed using univariate logistic regression. Clinico-

pathological variables analyzed were age at GIST diagnosis 
(±65 years), sex, GIST stage (localized, locally advanced, 
metastatic), site (gastric vs other), size (±5 cm), mitotic rate 
(<5 vs ≥5/50 HPF), mutational status (c-KIT, PDGFRα, wild 
type), and Imatinib treatment.

Survival outcomes were evaluated using mOS and OS at 
10 years (10y-OS). OS was measured from the diagnosis of 
GIST to death from any cause or last follow-up. Median OS 
was estimated with their 95% confidence interval. Survival 
curves of OS were generated using the Kaplan-Meier 
method [27]. Differences in OS were evaluated using the 
log-rank test (Mantel-Cox). In all the statistical analyses 
statistical significance was defined at the p<0.05 level. All 
statistical analyses were performed using SPSS V19.0 (SPSS 
Inc., USA).

Table 1. Patients’ characteristics affected by GIST, alone or in association 
with second tumors.

Total pts
n=145

GIST pts 
only

n=114 (79%)

GIST pts 
with 2nd 

tumor(s)
n=31 (21%)

Patients characteristics n (%)

Median age at diagnosis,
years (range)

61 (15–84) 60 (15–84) 66 (38–80)

Sex
Male
Female

81 (56)
64 (44)

65 (57)
49 (43)

16 (52)
15 (48)

GIST disease characteristics n (%)

Primary site
Stomach
Small intestine
Rectum
Colon
Multiple site
Unknown

65 (45)
53 (36)

7 (5)
2 (1)
1 (1)

17 (12)

53 (47)
42 (37)

6 (5)
1 (1)
0 (0)

12 (11)

12 (39)
11 (36)

1 (3)
1 (3)
1 (3)

5 (16)

Size
Median, cm (range)
<2 cm
>2–5 cm
>5–10 cm
>10 cm
Unknown

6 (1–28)
11 (8)

40 (28)
45 (31)
17 (12)
32 (22)

6 (1–28)
9 (8)

29 (25)
36 (32)
15 (13)
25 (22)

5 (1–25)
2 (6)

11 (36)
9 (29)
2 (6)

7 (23)

Mitotic rate
Median HPFs (range)
<5/50 HPFs
>5/50 HPFs
Unknown

4 (0–200)
61 (42)
46 (32)
38 (26)

4 (0–200)
48 (42)
33 (29)
33 (29)

6 (0–69)
13 (42)
13 (42)
5 (16)

Extent of disease at diagnosis
Localized
Locally advanced
Metastatic

97 (67)
7 (5)

41 (28)

77 (68)
6 (5)

31 (27)

20 (65)
1 (3)

10 (32)

Treated with Imatinib
Yes
No

92 (63)
53 (37)

78 (68)
36 (32)

14 (45)
17 (55)

Abbreviations: pts – patients, GIST – Gastrointestinal stromal tumors; 
HPFs – High-power fields; KIT – KIT proto-oncogene receptor tyrosine 
kinase; PDGFRα – platelet-derived growth factor receptor alpha
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Results

General GIST population. A total of 145 patients with a 
histological diagnosis of GIST were included in the analysis 
(Table 1).

Fifty-six percent of patients were males and the median 
age at diagnosis was 61 years (range 15–84). The most 
common primary site was stomach (45%), followed by the 
small intestine (36%) and rectum (5%). In 17 patients (12%), 
the GIST location was unknown. The median size was 6 cm 
(range 1–28) and the median mitotic rate was 4/50 HPFs. At 
diagnosis, 97 patients (67%) were diagnosed with localized 
disease, 7 (5%) had a locally advanced, and 41 (28%) had 
metastatic disease.

Among patients with localized disease, 42 (43%) belonged 
to the low or very low risk, 18 (19%) to the intermediate 
category, and 37 (38%) to the high-risk category (Table 2). 
Mutational analysis was performed in 95 patients (66%) with 
the identification of 96 mutations because one patient had 
two synchronous GISTs with different c-KIT mutational 
status [28]. Seventy-three percent of patients had a mutation 
of the c-KIT gene, especially in exon 11 (58%), 15% of patients 
had a mutation of the PDGFRα gene, especially in exon 18 
D842V (7%), while 12% patients were wild type (Table 3). 

Of the 145 patients diagnosed with a GIST, 31 patients 
(21%) were diagnosed with at least one additional malig-
nancy (Table 4).

Patients with GIST and second tumors. Among patients 
developing a second tumor, 13% of patients had a benign 
tumor and 87% a malignant disease. Twenty-five GIST 
patients (84%) had a single additional cancer diagnosis, 
while 16% of patients had two or more additional cancer 
diagnoses. In 8 patients (21%), the additional malignancy 
was synchronous while in 30 patients (79%) was metachro-
nous compared to the diagnosis of GIST. The most common 
second tumors associated with GIST were gastrointestinal 
tumors (24%), hematological malignancies (18%), genitouri-
nary tumors (16%), and skin cancers (13%) (Table 4).

Mutational analysis was performed in 25 patients (80%), 
but one patient had two synchronous GISTs.

Eighty-five percent of GIST patients with the second 
tumor had the c-KIT mutation, 8% had PDGFRα mutations 
and 8% were wild-type. The patient with two synchronous 
GISTs carried two different mutations of c-KIT, one in exon 
11 and the other one in exon 9. The median latent period 
between the diagnosis of GIST and the second metachro-
nous tumor and vice-versa was 4 years (range 0.6–27.3 years, 
Table 5).

Predictors of an additional malignancy in GIST patients. 
Clinical and molecular factors were assessed to evaluate their 
association with the occurrence of an additional malignancy 
with GIST diagnosis. None of the factors assessed was found 
to be statistically significantly associated with the diagnosis 
of an additional malignancy in the unadjusted odds ratio 
(univariate analysis, Table 6). For this reason, an adjusted 
odds ratio (multivariate analysis) was not performed.

GIST with and without second tumor. Comparative 
analyses between GIST patients without second tumors and 
GIST patients with second tumor showed similar clinical, 
tumoral, and molecular characteristics, except for lower size 

Table 2. Risk category of GIST patients with and without second tumors.

Risk category1 Total pts  
n=97

GIST pts only 
n=77

GIST pts with 
2nd tumors 

n=20
p-value

n (%)
Low/Very low 42 (43) 34 (44) 8 (40)
Intermediate 18 (19) 12 (16) 6 (30) 0.95
High 37 (38) 31 (40) 6 (30)

Abbreviations: n – number of patients; pts – patients; GIST – Gastrointes-
tinal stromal tumors; 1according to the risk categories proposed by Joensuu 
et al. [24]

Table 3. Mutational status and risk category of GIST patients with and without second tumors.

Mutational status
Total mutations = 96*

(total pts = 95)

Mutations of GIST
pts only = 70

(pts = 70)

Mutations of GIST
pts with 2nd tumors = 26*

(pts = 25)
n (%)

c-KIT mutation
Exon 9
Exon 11
Exon 13
Exon 17

70 (73)
8 (8)

56 (58)
3 (3)
3 (3)

48 (69)
6 (9)

38 (54)
1 (1)
3 (4)

22 (85)
2 (8)

18 (69)
2 (8)

0
PDGFRα mutation
Exon 12
Exon 18 D842V
Exon 18 D842Y
Exon 18 not D842V

14 (15)
2 (2)
7 (7)
1 (1)
4 (4)

12 (17)
2 (3)
6 (9)

0
4 (6)

2 (8)
0

1 (4)
1 (4)

0
Wild type 12 (12) 10 (14) 2 (8)

Abbreviations: pts – patients, GIST – Gastrointestinal stromal tumors; KIT – KIT proto-oncogene receptor tyrosine kinase; PDGFRα – platelet-derived 
growth factor receptor alpha; *There are 26 mutations for 25 patients with second tumors because one patient had two synchronous GIST with two differ-
ent mutations. 1according to the risk categories proposed by Joensuu et al. [25]
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significantly lower in the Imatinib era compared with the 
pre-Imatinib era (p=0.03).

The main cause of the increased incidence of second 
tumors in the Imatinib era is the increased survival of 
metastatic GIST patients and, therefore, more time available 
to develop second tumors.

In fact, in the pre-Imatinib era, metastatic GIST patients 
had a median survival of 10–20 months [34], but with the 
introduction of Imatinib in clinical practice the median 
survival has subsequently increased to about 5 years, 
with further survival improvements over time according 
to molecular subtypes [35]. The revolutionary survival 
increase of GIST patients is a key example of how the 
advancement in screening, diagnosis, treatment and follow 
up have increased the life expectancy of cancer patients 
and, consequently, how cancer survivors live long enough 
to develop second primary tumors. Rodriquenz et al. 
[8] indeed suggested that GIST could be considered as a 
“sentinel tumor”. Our study underlined, therefore, how the 
surveillance of second malignancies should be an impor-
tant component of the clinical management and follow-up 
of GIST patients, especially in the first years after GIST 
diagnosis. This is important to highlight because, even 
today, many symptoms and new lesions in GIST patients 
are still misinterpreted. New radiological atypical masses in 
patients with a history of GIST should be biopsied to distin-
guish between GIST relapse and a second primary tumor. 
For example, GISTs rarely metastasize to lymph nodes, but 
GIST patients have a higher risk of developing lymphomas, 
so new lymphadenopathies should warrant consideration 
for additional work-up. Similarly, new symptoms, especially 

Table 4. Second tumors’ characteristics.
Second tumors n=38

Characteristics n (%)
Type

Malignant
Benign

29 (76)
9 (24)

Histological type
Gastrointestinal tumors
Hematological tumors
Genitourinary tumors
Skin tumors
Lung tumors

Others
Thyroid tumors
Mesenchymal tumors
Pituitary tumors
Breast cancer
Head and neck

9 (24)
7 (18)
6 (16)
5 (13)
3 (8)

2 (5)
3 (8)
1 (3)
1 (3)
1 (3)

Timing of diagnosis
Synchronous
Metachronous
Prior to GIST diagnosis
After GIST diagnosis

8 (21)

16 (42)
14 (37)

Abbreviations: GIST - gastrointestinal stromal tumors

(>5 cm: 35% vs 45%; p=0.75), higher mitotic rate (>5/50 
HPFs: 42% vs 29%; p=0.24; Table 1), a higher presence 
of c-KIT mutation (85% vs 69%) and a lower presence of 
PDGFRα mutation (8% vs 17%) in GIST patients with second 
tumor (p=0.05) (Table 2).

The mOS was 9.6 years (range 0.6–17 years; 95% CI 
6.6–12.5) and 15.5 years (range 0.1–17.1 years; 95% CI 
9.1–21.8) in patients with and without secondary malignan-
cies respectively (p=0.30, Figure 1). In the group of patients 
with a second tumor, 54% died of GIST, 39% died of the 
second tumor, and 1 patient (7%) died of non-cancer-related 
causes.

Discussion

The prevalence of the second primary tumors in cancer 
patients ranged from 6.6 % to 9 % and the risk of developing 
new primary cancer in cancer survivors is 10–20 % higher 
compared to the general population [29–31]. Moreover, 
the incidence of second neoplasms is dependent on the 
prognosis of the first tumor, with second primary malig-
nancies detected in less than 5 % at 15 years in patients with 
unfavorable tumors and in about 15% at 25 years in patients 
with less unfavorable cancers [29].

GIST patients have an increased risk of developing second 
primary tumors, especially within the first year before and 
after the GIST diagnosis [20]. The incidence of additional 
malignancies in GIST patients ranged from 4.5% to 33% 
according to the different case series [9, 17].

This variety could be explained by different selection 
criteria of the studies regarding, particularly, the inclusion 
of benign neoplasms. The occurrence of second primary 
malignancies in GIST patients has been mainly described 
as case reports or case series and few retrospective analyses 
of large populations of patients are present in the literature, 
providing insufficient evidence on the association between 
these two entities.

Our study is one of the largest retrospective analyses on 
sporadic GISTs associated with second primary malignan-
cies treated and followed at a single institute. The percentage 
of second tumors in our population (21%) is in line with 
those reported in similar retrospective studies [11, 17, 18, 20, 
32]. Similarly to other studies, we observed that the gastro-
intestinal cancers are the most common second tumors in 
GIST patients and that the addition of a second tumor to 
GIST is associated with worse survival compared to GIST 
only patients [18–20].

Phan et al. [33] were the first to compare the incidence 
of second primary malignancies after GIST diagnosis in 
pre-Imatinib (1992–2001) and in the Imatinib era (2002–
2009). They found that the rate of the second primary 
tumors after GIST diagnosis in the Imatinib era was 7.07% 
compared with 1.15% in the pre-Imatinib era (p=0.03). This 
difference was mainly accounted for a higher incidence of 
colon and renal cancer, while the rate of melanoma was 
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Table 5. Patients with GIST associated with other primary malignant and benign neoplasms.

Pts n. 1st tumor (age) 2nd tumor (age) 3rd tumor (age) 4th tumor (age)
Time GIST 
to 2nd tumor 

(years)

Time GIST 
to 3rd tumor 

(years)

Time GIST 
to 4th  tumor 

(years)
1 Gastric GIST (44) Duodenal Adk (48) – – 5.2 – –

2 GIST (78) CRC (86) – – 7.6 – –
3 Epithelioma (78) GIST (80) Skin SCC (90) – 3.3 10.3 –
4 GIST (62) Skin SCC (73) – – 11.5 – –
5 Lung Adk (59) Mixoma (59) Colon Adenoma (64) Duodenal GIST (65) 6.7 6.7 1.3
6 Gastric GIST (57) CRC (60) – – 3.9 – –
7 Ileal GIST (55) Seminoma (56) – – 0.8 – –
8 NHL (58) Gastric GIST (59) – – 0.8 – –
9 Duodenal GIST (58) Lung  Carcinoid (59) – – 0.2 – –
10 Gastric GIST (61) CLL (62) – – 1.3 – –
11 Gastric GIST (77) Prostate Cancer (82) – – 4.7 – –
12 MGUS (14) Gastric GIST (42) – – 27.3 – –
13 Gastric GIST (56) CRC (62) – – 5.9 – –
14 Gastric GIST (78) CRC (78) – – 0.3 – –
15 NHL (37) Jejunal GIST (39) – – 0.8 – –
16 CRC (66) Prostate Cancer (71) GIST (77) – 5.3 10.3 –
17 GIST (74) Thyroid Cancer (76) – – 2.4 – –
18 Ileal GIST (74) Pelvic Melanoma (74) – – 0.2 – –
19 Epithelioma (54) Ileal GIST (61) – – 7.1 – –
20 Pituitary Adenoma (68) Gastric GIST (72) – – 4.5 – –
21 Prostate Cancer (64) Gastric GIST (64) Jejunal GIST (64) Lung Adk (66) 0.6 0 2.2
22 Gastric GIST (48) Renal Cancer (52) – – 4.3 – –
23 Rectal GIST (58) Prostate cancer (58) – – 0 – –
24 Breast Cancer (63) Jejunal GIST (66) – – 3.5 – –
25 Ileal GIST (68) MGUS (69) – – 0.6 – –
26 Gastric GIST (78) Renal Cancer (78) Ewing’s Sarcoma (81) – 0 2.8 –
27 Basal Cell Carcinoma (73) CRC (75) Ileal GIST (78) CRC (78) 3.1 1.3 0
28 Jejunal GIST (63) Thyroid Cancer (64) – – 1.1 – –
29 Jejunal GIST (68) H&N Cancer (68) – – 0.3 – –
30 AML (56) Colon GIST (72) – – 16 – –
31 NHL (52) Gastric GIST (58) – – 5.3 – –

Abbreviations: GIST – Gastrointestinal stromal tumors; SCC – squamous cell carcinoma; Adk – adenocarcinoma; AML – Acute Myeloid Leukemia; CLL 
– Chronic Lymphocytic Leukemia; CRC – colorectal cancer; MGUS – monoclonal gammopathy of undetermined significance; NHL – non-Hodgkin 
lymphoma, H&N – head and neck cancer; “GIST”: metastatic GIST without a specific site of origin; “0”: diagnosis in the same surgical intervention. Time 
to GIST and 2nd /3rd/ 4th tumor <0.5: synchronous tumors

gastrointestinal ones, should require further diagnostic 
assessment.

There is still no consensus on guidelines regarding the 
surveillance, oncologic care, and further management of 
cancer survivors. In this scenario, targeted screening in 
association with long-term and intensive surveillance strat-
egies are needed in GIST patients. These strategies in the 
context of survivorship care could be of particular benefit 
in GIST patients as an important tool for early diagnosis of 
second cancers, more than other types of tumors.

The pathophysiological and genetic mechanisms of the 
high risk of GIST for developing secondary malignancies are 
still unknown. In our analysis, we found that GIST patients 
with the second tumor had lower size, higher mitotic rate, 

higher presence of c-KIT mutation, especially the exon 
11 mutation, and a lower presence of PDGFRα mutation 
compared to GIST only patients. These correlations were not 
statistically significant but similar to the results of other retro-
spective analyses [19, 32]. In our study, none of the clinical 
and molecular factors assessed was found to be statistically 
significantly associated with the diagnosis of an additional 
malignancy, due to the relatively small number of patients 
and the lack of some data, similar to other retrospective 
analyses [36]. This is the major limitation of our study related 
to the retrospective nature of the analysis with the lack of all 
complete data limiting, therefore, all statistical analysis.

Further analyses on larger populations and cancer regis-
tries are needed to better analyze the epidemiological corre-
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lation of GIST patients and second tumors. In addition, more 
comprehensive follow-up programs should be addressed for 
closer surveillance of GIST survivors especially during the 
first 5 years after diagnosis but preferably to consider up to 
10 years. 

Moreover, further molecular analyses are required to 
investigate the possible biological association between GIST 
and other malignancies, identifying which GIST patients are 
genetically more susceptible to the development of second 
cancers.

The identification of gene expression signature reflecting 
the biological characteristics with prognostic and predic-
tive value is needed also for GIST patients, like other types 
of tumors, to better define prognostic patient subsets and to 
identify appropriate surveillance and clinical management 
[37–41].

In conclusion, this retrospective analysis of a GIST popula-
tion showed a second malignancies’ incidence of around 
20%. GIST patients have an increased risk of developing 
second primary malignancies and GIST is often diagnosed 
incidentally after another primary tumor. It is not clear if 

there is an association between GISTs and the occurrence 
of other tumors. Further analyses are needed to investigate 
the association between GIST and second tumors. Moreover, 
new follow-up protocols should be routinely addressed for 
GIST patients in order to promptly identify the development 
of second malignancies.

Acknowledgments: This research did not receive any specific grant from 
funding agencies in the public, commercial, or not-for-profit sectors.

Table 6. Univariate analysis of predictors of additional malignancies in 
GIST patients.

Unadjusted Odds Ratio
Characteristic OR (95% CI) p–value
Age (±65 years) 0.81 (0.29–2.46) 0.7
Sex

Male
Female

0.83 (0.29–2.39) 0.7

Primary site
Esophagogastric
Other

1.16 (0.37–3.69) 0.8

Stage
Localized
Locally advanced
Metastatic

0.75 (0.07–8.43)
0.87 (0.09–8.16)

0.8
0.9

T cm
<5 cm
≥5 cm

0.55 (0.16–1.83) 0.3

n mitosis
<5/50 HPF
≥5/50 HPF

1.39 (0.15–13.24) 0.8

Risk classification1

Low/Very low
Intermediate
High

1.38 (0.24–8.13)
0.67 (0.06–7.13)

0.7
0.7

Mutation
c-KIT
PDGFRα
Wild Type

2.52 (0.74–8.59)
0.25 (0.03–2.43)

0.1
0.2

Imatinib treatment
Yes
No

1.40 (0.30–6.43) 0.7

Abbreviations: GIST – Gastrointestinal stromal tumors; HPFs – high-
power fields; c-KIT – KIT proto-oncogene receptor tyrosine kinase; 
PDGFRα – platelet-derived growth factor receptor alpha; OR – odds ratio; 
CI – confidence interval; 1according to the risk categories proposed by 
Joensuu et al. [25] References
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