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Abstract: Background: Gastrointestinal stromal tumors (GISTs) are rare mesenchymal neoplasms of
the gastrointestinal tract (GIT) that represent approximately 1 to 2 percent of primary gastrointestinal
(GI) cancers. Owing to their rarity, very little is known about their overall epidemiology, and
the prognostic factors of their pathology. The current study aimed to evaluate the independent
determinants of mortality in patients diagnosed with GISTs over the past decade. Methods: Our
study comprised 2374 patients diagnosed with GISTs from 2000 to 2017 from the Surveillance,
Epidemiology, and End Results (SEER) database. We analyzed the baseline characteristics, and
overall mortality (OM), as well as the cancer-specific mortality (CSM) of GISTs. Variables with a p
value < 0.01 in the univariate Cox regression were incorporated into the multivariate Cox model,
to determine the independent prognostic factors. Results: Multivariate Cox proportional hazard
regression analyses of factors affecting the all-cause mortality and GIST-related mortality among US
patients between 2010 and 2017 revealed a higher overall mortality in non-Hispanic Black patients
(HR =1.516, 95% CI 1.172-1.961, p = 0.002), patients aged 80+ (HR = 9.783, 95% CI 4.185-22.868, p = 0),
followed by those aged 60-79 (HR = 3.408, 95% CI 1.488-7.807, p = 0.004); male patients (HR = 1.795,
95% CI 1.461-2.206, p < 0.001); patients with advanced disease with distant metastasis (HR = 3.865,
95% CI1 2.977-5.019, p < 0.001), followed by cases with regional involvement via both direct extension
and lymph node involvement (HR = 3.853, 95% CI 1.551-9.57, p = 0.004); and widowed patients
(HR =1.975, 95% CI 1.494-2.61, p < 0.001), followed by single patients (HR = 1.53, 95% CI 1.154-2.028,
p = 0.003). The highest CSM was observed in the same groups, except widowed patients and patients
aged 60-79. The highest CSM was also observed among patients that underwent chemotherapy
(HR =1.687, 95% CI 1.19-2.392, p = 0.003). Conclusion: In this updated study on the outcomes of
patients with GISTs, we found that non-Hispanic Black patients, male patients, and patients older than
60 years have a higher mortality with GISTs. Furthermore, patients who have received chemotherapy
have a higher GIST-specific mortality, and married patients have a lower mortality. However, we do
not know to what extent these independent prognostic factors interact with each other to influence
mortality. This study paves the way for future studies addressing these interactions. The results
of this study may help treating clinicians to identify patient populations associated with a dismal
prognosis, as those may require closer follow-up and more intensive therapy; furthermore, with
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married patients having a better survival rate, we hope to encourage clinicians to involve family
members of the affected patients early in the disease course, as the social support might impact
the prognosis.

Keywords: GISTs; GI neurotransmitter; pacemaker; SEER database; clinical characteristics; mortality

1. Introduction

A gastrointestinal stromal tumor (GIST) represents a distinct entity from other mes-
enchymal tumors of the GIT, with an immunohistochemistry profile that differs from that
of leiomyomas and leiomyosarcomas arising from other sites, such as the uterus or soft
tissues [1-3]. GISTs are thought to originate from the interstitial cells of Cajal (ICCs), which
regulate peristalsis by forming the interface between the autonomic innervation of the
bowel wall and the smooth muscle itself [4]. GISTs can occur anywhere in the GIT, from
the esophagus to the anus [5].

Most cases of GISTs are sporadic, arising from de novo mutation. However, approxi-
mately 5 percent of patients with GISTs have one of several genetic syndromes associated
with the development of these tumors, including primary familial GIST syndrome, neu-
rofibromatosis type 1 (NF1), Carney—Stratakis syndrome, and Carney triad [6]. A GIST, in
most cases, carries a mutation in the KIT or platelet-derived growth factor receptor-alpha
(PDGFRA) genes. However, there is a subset of GISTs called “wildtype”, which have no
detectable mutations on the KIT or PDGFRA genes [6]. A GIST’s initial symptoms will vary
based on the involved primary site; GI bleeding may be the presenting symptom for upper
GISTs, such as those affecting the stomach, small intestine, or esophagus [5]. Dysphagia
and jaundice can also be observed with upper GISTs. Colorectal GISTs may present with
constipation or bowel obstruction. Some male patients can experience urinary hesitancy, as
a result of the tumor pushing on the prostate gland [5].

A GIST is often diagnosed incidentally, so the true incidence of this disease may be
difficult to determine accurately [6,7]. The imaging of choice to establish a GIST diagnosis
is computed tomography (CT) of the abdomen and pelvis, with oral and intravenous
(IV) contrast to help define bowel margins, and assess the extent of the primary mass,
including local invasion into adjacent structures [8]. Magnetic resonance imaging (MRI)
can be used in patients that can tolerate CT, or are allergic to CT contrast [8]. Although CT
is better than MRI at visualizing the small intestine thickness and bowel perforation, MRI
is preferred for primary rectal GISTs [8]. Upper endoscopy with endoscopic ultrasound
(EUS) or colonoscopy may be used to further assist the diagnosis of GISTs, depending on
the location. EUS can be used to diagnose upper GISTs (esophagus, stomach, and small
intestine), whereas colonoscopy will aid in diagnosing lower GISTs (colon, rectum, and
anus). Surgical resection remains the mainstay of the treatment of GISTs [9].

Only a few studies have addressed the overall epidemiology of GISTs [5,9-11]. How-
ever, there is still a paucity of conclusive data, and a lack of adequately powered studies
properly defining the epidemiology characteristics, survival outcomes, and prognostic
factors of patients with GISTs over the past decade. This is especially important in the era
of the emergence of adjuvant and neoadjuvant therapies, such as imatinib [12,13].

Using a nationally representative and well-updated database, we evaluated the inde-
pendent prognostic factors among patients with GISTs, to fill in the gap in the literature.
Using this study as a path, larger prospective studies can be carried out, focusing on the
independent prognostic factors of GISTs, and the interaction between them. Furthermore,
we aimed to establish patient populations that are predisposed to have a poorer prognosis.
These patients may need closer follow up and more aggressive therapy, especially in this
era of newer therapeutics.
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2. Materials and Methods
2.1. Study Design

A population-based retrospective cohort study of patients with a GIST diagnosis
was conducted using the SEER Research Plus data, 18 registries, and the November 2020
submission database (http://www.seer.cancer.gov) accessed on 29 June 2022. The SEER
Program is one of the largest and most authoritative sources of cancer-related datasets in
the United States, and is sponsored by the United States National Cancer Institute (US
NCI). The SEER 18 database collects cancer incidence, patients’ clinicopathological features,
and survival data from 18 population-based cancer registries, and covers nearly 28% of the
US population [14].

2.2. Data Selection
2.2.1. Inclusion Criteria

Histological codes matching the diagnosis of GISTs, and topographical codes matching
different GI locations were used to retrieve data from the SEER database [14].

2.2.2. Exclusion Criteria

We excluded patients with an unknown age at diagnosis, race, or stage of GIST
development. Therefore, 12,371 were excluded from our study.

2.3. Study Variables
2.3.1. Main Exposure

All the variables used in this study were the main exposures.

2.3.2. Outcomes

The OM (overall mortality) is defined as any cause of death by the end of this
study period.
CSM refers to patients who had died from GIST complications by the end of this study.

2.3.3. Sociodemographic and Tumor Characteristics

Variables such as the age at diagnosis, gender, race (White, Black, and others), origin
(non-Hispanic and Hispanic), primary site of the tumor, stage at diagnosis (localized,
regional, and distant), geographic residential area, yearly income, marital status, year of
diagnosis, treatment via surgery and/or radiation, as well as chemotherapy, were extracted.

2.4. Statistical Analysis

The Cox proportional hazard regression model is based on the assumption that hazard
rates are proportional over time. Variables with a value <0.1 in the univariate Cox regression
model were incorporated into the multivariate Cox proportional analysis, to determine the
independent prognostic factors associated with OM and CSM, with a hazard ratio (HR) > 1
representing adverse prognostic factors. All tests were two-sided, with a confidence interval
set as 95%, and p value < 0.01 deemed statistically significant. All statistical tests were
performed using the software STATA 16.1.

3. Results

We identified 2374 patients with a GIST diagnosis in our cohort, and the baseline
characteristics of patients can be found in Table 1. Patients of male and female gender were
almost equally affected (50.34% vs. 49.66%). Most patients were diagnosed between the
ages of 60 and 79 (53.37%). Non-Hispanic Whites represented the majority of the cohort
(56.19%), and the stomach was the most affected primary location (65.71%). Most tumors
were diagnosed at the localized stage (80.45%). People living in counties in metropolitan
areas of 1 million people (58.55%), people with an annual income of USD 75,000+ (31.89%),
and married patients (57.96%) were more likely to be diagnosed than their counterparts. A
total of 853 (35.93%) underwent chemotherapy, and only 4 (0.17%) underwent radiation.
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Table 1. Demographic and clinicopathologic characteristics of US patients with a GIST diagnosis

between 2000 and 2017.
Characteristics
N= %
Total 2374 100.00
Gender
Female 1179 49.66
Male 1195 50.34
Age at diagnosis, y.o.
0-39 108 4.55
40-59 736 31.00
60-79 1267 53.37
80+ 263 11.08
Race
Non-Hispanic White 1334 56.19
Non-Hispanic Black 466 19.63
Hispanic 279 11.75
Other 295 12.43
Cancer site
Colon 40 1.68
Esophagus 10 0.42
Stomach 1560 65.71
Rectum 39 1.64
Small intestine 706 29.74
Other 19 0.80
Tumor stage
Localized 1910 80.45
Regional via direct extension only 204 8.59
Regional lymph nodes involved only 22 0.93
Regional via both direct extension and lymph node involvement 13 0.55
Distant 224 9.44
Living area
Counties in metropolitan areas of 1 million persons 1390 58.55
Counties in metropolitan areas of 250,000 to 1 million persons 592 24.94
Counties in metropolitan areas of 250,000 persons 134 5.64
Nonmetropolitan counties adjacent to a metropolitan area 163 6.87
Nonmetropolitan counties not adjacent to a metropolitan area 95 4.00
Income per year
USD < 35,000 46 1.94
USD 35,000-44,999 166 6.99
USD 45,000-54,999 346 14.57
USD 55,000-64,999 563 23.72
USD 65,000-74,999 496 20.89

USD 75,000+ 757 31.89
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Table 1. Cont.
Characteristics
N= %
Marital status
Married 1376 57.96
Single 397 16.72
Divorced/separated 237 9.98
Widowed 258 10.87
Unknown 106 447
Radiation
No 2370 99.83
Yes 4 0.17
Chemotherapy
No 1521 64.07
Yes 853 35.93
Year of diagnosis
2010 186 7.83
2011 209 8.80
2012 278 11.71
2013 267 11.25
2014 307 12.93
2015 333 14.03
2016 386 16.26
2017 408 17.19

The crude analysis of factors associated with the all-cause mortality and GIST-related
mortality among US patients between 2010 and 2017 is demonstrated in Table 2. Male
patients (HR = 1.532, 95% CI 1.27-1.847, p = 0), patients aged 80+ (HR = 10.778, 95%
CI 4.741-24.502, p = 0), followed by those aged 60-79 (HR = 3.723, 95% CI 1.657-8.367,
p = 0.001); non-Hispanic Black patients (HR = 1.3, 95% CI 1.041-1.623, p = 0.02); GIST
cases with distant metastases (HR = 3.765, 95% CI 3.018-4.695, p < 0.001); nonmetropolitan
counties adjacent to a metropolitan area (HR = 1.535, 95% CI 1.099-2.146, p = 0.012); wid-
owed patients (HR = 2.496, 95% CI 1.953-3.191, p < 0.001), and those who have undergone
chemotherapy (HR = 1.29, 95% CI 1.071-1.554, p = 0.007) have the highest overall mortality.
The highest cancer specific mortality was observed in the same groups.

The multivariate Cox proportional hazard regression analyses of factors affecting thr
all-cause mortality and GIST-related mortality among US patients between 2010 and 2017
are demonstrated in Table 3. A higher overall mortality was observed in non-Hispanic
Blacks (HR = 1.516, 95% CI 1.172-1.961, p = 0.002), patients aged 80+ (HR = 9.783, 95%
CI 4.185-22.868, p = 0), followed by those aged 60-79 (HR = 3.408, 95% CI 1.488-7.807,
p = 0.004); male patients (HR = 1.795, 95% CI 1.461-2.206, p < 0.001); cases of advanced
disease with distant metastasis (HR = 3.865, 95% CI 2.977-5.019, p < 0.001), followed by
regional involvement via both direct extension and lymph node involvement (HR = 3.853,
95% CI 1.551-9.57, p = 0.004); and widowed patients (HR = 1.975, 95% CI 1.494-2.61, p = 0),
followed by single patients (HR = 1.53, 95% CI 1.154-2.028, p = 0.003). The highest CSM
was observed in the same groups, except widowed patients and patients aged 60-79. The
highest CSM was also observed among patients who underwent chemotherapy (HR = 1.687,
95% CI1.19-2.392, p = 0.003). The cancer site, yearly income, and treatment with radiation
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therapy did not show a significant association with the all-cause mortality or cancer-

specific mortality.

Table 2. Crude analysis of factors associated with the all-cause mortality and GIST-related mortality
among US patients between 2000 and 2017.

Overall Mortality. GIST Mortality.
Characteristics Crude Proportional Crude Proportional
Hazard Ratio Hazard Ratio
(95% Confidence Interval) (95% Confidence Interval)
Gender
Female 1 (reference) 1 (reference)
Male 1.53 (1.27-1.85) *** 1.46 (1.09-1.95) **
Age at diagnosis, y.o.
0-39 1 (reference) 1 (reference)
40-59 1.92 (0.84-4.39) 1.18 (0.51-2.75)
60-79 3.72 (1.66-8.37) *** 1.45 (0.64-3.32)
80+ 10.78 (4.74-24.50) *** 3.08 (1.29-7.37) **
Race

Non-Hispanic White

1 (reference)

1 (reference)

Non-Hispanic Black

1.30 (1.04-1.62) **

1.77 (1.27-2.47) ***

Hispanic

0.86 (0.62-1.20)

1.04 (0.63-1.73)

Other

0.78 (0.57-1.08)

1.03 (0.64-1.66)

Cancer site

Colon 1 (reference) 1 (reference)
Esophagus 1.55 (0.41-5.86) 1.02 (0.11-9.15)
Stomach 0.92 (0.45-1.85) 0.65 (0.24-1.76)
Rectum 0.80 (0.29-2.20) 0.94 (0.23-3.74)

Small intestine

1.08 (0.53-2.21)

1.09 (0.40-2.97)

Other

0.76 (0.20-2.86)

1.00 (0.18-5.47)

Tumor stage

Localized

1 (reference)

1 (reference)

Regional via direct extension only

1.41 (1.03-1.93) **

2.54 (1.62-3.99) ***

Regional lymph nodes involved only

0.64 (0.16-2.56)

0

Regional via both direct extension and lymph node

involvement

3.03 (1.25-7.34) *

6.19 (1.96-19.57) ***

Distant

3.77 (3.02-4.70) ***

8.55 (6.26-11.68) ***

Living area

Counties in metropolitan areas of 1 million persons

1 (reference)

1 (reference)

Counties in metropolitan areas of 250,000 to 1 million

persons

1.12 (0.90-1.40)

1.01 (0.70-1.44)

Counties in metropolitan areas of 250,000 persons

1.24 (0.86-1.79)

1.66 (1.01-2.75) **

Nonmetropolitan counties adjacent to a metropolitan area

1.54 (1.10-2.15) **

1.68 (1.01-2.77) **

Nonmetropolitan counties not adjacent to a metropolitan

area

1.34 (0.88-2.04)

1.22 (0.62-2.42)
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Table 2. Cont.

Characteristics

Overall Mortality.
Crude Proportional
Hazard Ratio
(95% Confidence Interval)

GIST Mortality.
Crude Proportional
Hazard Ratio
(95% Confidence Interval)

Income per year

USD < 35,000

1 (reference)

1 (reference)

USD 35,000-44,999

1.82 (0.90-3.69)

2.56 (0.77-8.47)

USD 45,000-54,999

1.21 (0.61-2.42)

1.27 (0.39-4.19)

USD 55,000-64,999

1.20 (0.61-2.37)

1.77 (0.56-5.64)

USD 65,000-74,999

0.90 (0.45-1.81)

0.95 (0.29-3.15)

USD 75,000+

0.92 (0.46-1.80)

1.03 (0.32-3.33)

Marital status

Married 1 (reference) 1 (reference)
Single 1.18 (0.91-1.54) 1.44 (0.99-2.10)
Divorced/separated 1.12 (0.81-1.55) 1.11 (0.67-1.83)
Widowed 2.50 (1.95-3.19) *** 1.64 (1.06-2.55) **
Radiation
No 1 (reference) 1 (reference)
Yes 4.00 (1.00-16.07) 4.75 (0.67-33.94)
Chemotherapy
No 1 (reference) 1 (reference)
Yes 1.29 (1.07-1.55) *** 2.83 (2.11-3.80) ***

***p <0.01, **p <0.05.

Table 3. Multivariate Cox proportional hazard regression analyses of factors affecting the all-cause

mortality and GIST-related mortality among US patients between 2000 and 2017.

Overall Mortality. GIST Mortality.
Characteristics Adjusted Proportional Hazard  Adjusted Proportional Hazard
Ratio (95% Confidence Ratio (95% Confidence
Interval) Interval)
Gender
Female 1 (reference) 1 (reference)
Male 1.80 (1.46-2.21) *** 1.53 (1.11-2.11) **

Age at diagnosis, y.o.

0-39 1 (reference) 1 (reference)
40-59 1.66 (0.71-3.85) 1.01 (0.42-2.43)
60-79 3.41 (1.49-7.81) *** 1.41 (0.59-3.37)
80+ 9.78 (4.19-22.87) *** 3.89 (1.54-9.84) ***
Race

Non-Hispanic White

1 (reference)

1 (reference)

Non-Hispanic Black

1.52 (1.17-1.96) ***

2.17 (1.44-3.27) ***

Hispanic

1.08 (0.77-1.53)

1.07 (0.63-1.81)

Other

1.05 (0.74-1.48)

1.49 (0.89-2.50)

Cancer site
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Table 3. Cont.

Overall Mortality.
Adjusted Proportional Hazard

GIST Mortality.
Adjusted Proportional Hazard

Characteristics Ratio (95% Confidence Ratio (95% Confidence
Interval) Interval)
Colon 1 (reference) 1 (reference)
Esophagus 2.67 (0.68-10.58) 3.37 (0.34-33.60)
Stomach 1.08 (0.50-2.30) 0.89 (0.28-2.83)
Rectum 1.17 (0.40-3.41) 1.67 (0.36-7.71)

Small intestine

1.24 (0.57-2.69)

1.37 (0.42-4.47)

Other

0.86 (0.22-3.36)

0.92 (0.15-5.76)

Tumor stage

Localized

1 (reference)

1 (reference)

Regional via direct extension only

1.5 (1.08-2.09) **

2.17 (1.33-3.52) ***

Regional lymph nodes involved only

0.83 (0.20-3.39)

0

Regional via both direct extension and lymph node
involvement

3.85 (1.55-9.57) ***

5.55 (1.70-18.17) ***

Distant

3.865 (2.977-5.019) ***

6.586 (4.534-9.567) ***

Living area

Counties in metropolitan areas of 1 million persons

1 (reference)

1 (reference)

Counties in metropolitan areas of 250,000 to 1 million
persons

1.05 (0.82-1.34)

0.98 (0.66-1.46)

Counties in metropolitan areas of 250,000 persons

0.98 (0.65-1.48)

1.28 (0.70-2.31)

Nonmetropolitan counties adjacent to a metropolitan area

1.09 (0.72-1.65)

1.36 (0.73-2.54)

Nonmetropolitan counties not adjacent to a metropolitan
area

1.15 (0.70-1.91)

1.871 (0.83-4.24)

Income per year

USD < 35,000

1 (reference)

1 (reference)

USD 35,000-44,999

1.63 (0.75-3.56)

3.06 (0.70-13.46)

USD 45,000-54,999

1.26 (0.60-2.77)

2.38 (0.53-10.62)

USD 55,000-64,999

1.28 (0.58-2.81)

3.23 (0.73-14.36)

USD 65,000-74,999

0.95 (0.42-2.16)

1.72 (0.37-8.09)

USD 75,000+

1.04 (0.47-2.35)

2.35 (0.51-10.87)

Marital status

Married 1 (reference) 1 (reference)
Single 1.53 (1.15-2.03) *** 1.65 (1.10-2.48) **
Divorced/separated 1.41 (1.00-1.97) 1.34 (0.79-2.29)
Widowed 1.98 (1.49-2.61) *** 1.49 (0.91-2.46)
Radiation
No 1 (reference) 1 (reference)
Yes 1.47 (0.33-6.50) 0.75 (0.09-6.27)
Chemotherapy
No 1 (reference) 1 (reference)
Yes 0.99(0.79-1.23) 1.69 (1.19-2.39) ***

“%p < 0.01, ** p < 0.05.
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4. Discussion

Based on this nationally representative large study, we found that non-Hispanic Whites
are more likely to be affected by GISTs. The stomach is the most commonly affected site, and
most patients are diagnosed at a localized stage of the disease. The majority of patients did
not undergo chemotherapy. Non-Hispanic Blacks, older patients, male patients, cases of an
advanced disease state, and single/widowed patients had a higher mortality. Furthermore,
patients who underwent chemotherapy seemed to have a higher CSM.

Most patients in our cohort were diagnosed between the ages of 60 and 79 years, which
overlaps with the findings in the literature, where a median age of diagnosis was found to
be between 65 and 69 years [9,15,16]. The male-to-female ratio in our cohort was found to
be almost 1:1, which is in accordance with the current literature [9]. However, non-Hispanic
White populations were the most affected in the past decade alone, which contrasts with the
current literature, where the most affected ethnicity is African American [5,17]. A study by
Ulanja et al. on the racial disparity on the incidence of GISTs, using the SEER database, over
a period from 2002 to 2015 demonstrated that GISTs were more common among African
Americans [17]. We unveiled that, over the past two decades, non-Hispanic Whites showed
more cases than non-Hispanic Blacks; however, while considering the last decade alone,
the opposite has held true.

Our cohort found that GISTs were most likely diagnosed in metropolitan areas with
more than 1 million people, and among patients earning USD 75,000+. GISTs can present
with nonspecific symptoms, such as occult gastrointestinal (GI) bleeding, asymptomatic
presentation, abdominal discomfort, an acute abdomen, or an asymptomatic abdominal
mass [18-22]. Thus, GISTs can be detected during an endoscopic study; elective surgical
procedures (e.g., sleeve gastrectomy for patients with obesity); or on imaging performed
for another purpose [23]. Therefore, multiple visits to the physician, or access to advanced
surgical or endoscopic techniques, may be required before the diagnosis can be made.
People living in metropolitan areas are more likely to have access to advanced surgical
and endoscopic techniques. Furthermore, imaging such as computed tomography (CT),
magnetic resonance imaging (MRI), or positron emission tomography (PET) scanning using
fluorodeoxyglucose (FDG-PET), in combination with CT (PET-CT), can be used to evaluate
the primary tumor [24]. These imaging modalities can be quite expensive, and will be
affordable to patients with a higher yearly income.

Our study did not find any mortality differences among the different primary sites
affected with GISTs. Contrastingly, a study by Miettinen et al. revealed that the gastric
location had more favorable survival outcomes compared with those arising from other
sites in the GI tract [25]. Equivalent results were found in studies by Khan et al. and Kukar
et al., where a non-gastric/non-small-intestinal location (the esophagus and ascending
and sigmoid colon) was associated with worse overall survival [15,26]. Older patients
had a higher mortality in our cohort, for both OM and CSM. These findings mirror those
found in the literature, where patients older than 60 years of age had a worse survival
outcome compared to their younger counterparts, likely pertaining to their weak immune
system [15,27].

Non-Hispanic Black patients were found to have a higher OM and CSM compared to
other races. This finding contrasts with the findings of the studies conducted by Ulanja
et al., and the analysis performed by Cheung et al. after 2000 [17,28]. However, Cheung
et al. found a higher mortality rate in African American patients compared to other races
before the year 2000, and this was thought to be due to the lower rates of surgical excision
of the primary tumor among African Americans [28]. Male patients were found to have a
worse outcome compared to their female counterparts, which is consistent with current
findings in the literature [29].

Marital status has been portrayed as an independent prognostic factor in several
series around the globe, with married patients having a favorable outcome [30-39]. An
explanation for this observation could be a better level of social assistance among married
patients. The current study indeed found that single patients had a higher CSM and overall
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mortality. Furthermore, widowed patients were found to have a higher OM. Using these
findings, we hope to encourage clinicians (oncologists and primary care physicians) to
involve family members of non-married patients early during the disease course, as the
social support may help improve the survival of patients with GISTs.

Patients who underwent chemotherapy were found to have a higher CSM, in our
cohort. This contrasts with the literature, where the use of chemotherapies, either as an
adjuvant or neoadjuvant treatment, such as tyrosine kinase inhibitors (imatinib), have
been associated with better overall survival [40]. This could be explained by the toxic
effects of chemotherapy. Furthermore, imatinib is used as a neoadjuvant therapy before
surgery for large tumors and advanced stages of GISTs, which is associated with a higher
mortality [41]. Thus, treating physicians should weigh the true benefit of starting such
patients on chemotherapy against the adverse effects of the therapy.

Certain limitations must be considered in the interpretation of the results of this
study. Information on patients who underwent surgery was not used in our cohort, as the
information available was reported as either “yes” or “no/unknown”. The information
available for chemotherapy did not specify if this treatment was given as neoadjuvant or
adjuvant. Furthermore, the SEER database, the largest cancer database in the USA that is
publicly available, does not provide information on comorbidities.

5. Conclusions

To summarize the findings of this original study, as one would expect, older patients,
and those with advanced disease, had a worse prognosis. Furthermore, we found that
non-Hispanic Blacks, male patients, and those who have received chemotherapy have
a higher mortality with GISTs, whereas married patients have a lower mortality. These
data can assist treating oncologists and/or primary care physicians in identifying specific
patient populations that may need a closer follow up, and a more aggressive therapy. In an
effort to improve the survival of non-married patients, we hope to encourage clinicians to
be on the lookout for a robust social support for patients with GISTs, as this could play a
determinant role in lowering mortality. We propose that elderly Black male patients with a
GIST diagnosis should be closely followed up, compared with other patient groups. This
study paves the way for future studies addressing the interaction between the independent
prognosis factors found in this cohort.

Author Contributions: A.B. searched the literature, and wrote and revised the manuscript. P.F.
extracted and analyzed the data, and revised and edited the manuscript. TA.-Q., ].B.-K,, TL., AG.C,
SP,VKN,]JK,RA, M.AA, NN, SHL,SM., GVA., CAJ,AM,AA, HGH,PA., AJ]., MK,
G.L, LYK, MM. and PK. revised and edited the manuscript. B.G. and S.W. revised and approved
the final version, and are the article’s guarantors. All authors certify that they contributed sufficiently
to the intellectual content and data analysis. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The SEER database is a public dataset with de-identified
data, of which the Institutional Review Board approval was waived.

Informed Consent Statement: The SEER Dataset was a public-use dataset, of which the informed
consent was waived.

Data Availability Statement: The data used and/or analyzed in this study are available in the
Surveillance, Epidemiology, and End Results (SEER) Database of the National Cancer Institute
(http:/ /seer.cancer.gov, accessed on 29 June 2022).

Conflicts of Interest: The authors declare no conflict of interest.


http://seer.cancer.gov

Med. Sci. 2023, 11, 54 11 0f12

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Miettinen, M.; Lasota, J. Gastrointestinal stromal tumors—definition, clinical, histological, immunohistochemical, and molecular
genetic features and differential diagnosis. Virchows Arch. 2001, 438, 1-12. [CrossRef]

Miettinen, M.; Sarlomo-Rikala, M.; Lasota, J. Gastrointestinal stromal tumors: Recent advances in understanding of their biology.
Hum. Pathol. 1999, 30, 1213-1220. [CrossRef] [PubMed]

Hirota, S.; Isozaki, K.; Moriyama, Y.; Hashimoto, K.; Nishida, T.; Ishiguro, S.; Kawano, K.; Hanada, M.; Kurata, A.; Takeda,
M.; et al. Gain-of-function mutations of c-kit in human gastrointestinal stromal tumors. Science 1998, 279, 577-580. [CrossRef]
[PubMed]

Fletcher, C.D.M.; Berman, J.J.; Corless, C.; Gorstein, F.; Lasota, J.; Longley, B.].; Miettinen, M.; O’Leary, T.J.; Remotti, H.; Rubin,
B.P; et al. Diagnosis of gastrointestinal stromal tumors: A consensus approach. Int. J. Surg. Pathol. 2002, 10, 81-89. [CrossRef]
Tran, T.; Davila, ]J.A.; El-Serag, H.B. The epidemiology of malignant gastrointestinal stromal tumors: An analysis of 1458 cases
from 1992 to 2000. Am. J. Gastroenterol. 2005, 100, 162-168. [CrossRef] [PubMed]

Kawanowa, K.; Sakuma, Y.; Sakurai, S.; Hishima, T.; Iwasaki, Y.; Saito, K.; Hosoya, Y.; Nakajima, T.; Funata, N. High incidence of
microscopic gastrointestinal stromal tumors in the stomach. Hum. Pathol. 2006, 37, 1527-1535. [CrossRef]

Agaimy, A.; Wiinsch, PH.; Hofstaedter, F,; Blaszyk, H.; Rtimmele, P.; Gaumann, A.; Dietmaier, W.; Hartmann, A. Minute gastric
sclerosing stromal tumors (GIST tumorlets) are common in adults and frequently show c-KIT mutations. Am. J. Surg. Pathol. 2007,
31, 113-120. [CrossRef]

Tateishi, U.; Hasegawa, T.; Satake, M.; Moriyama, N. Gastrointestinal stromal tumor. Correlation of computed tomography
findings with tumor grade and mortality. J. Comput. Assist. Tomogr. 2003, 27, 792-798. [CrossRef]

Sereide, K.; Sandvik, O.M.; Sereide, J.A.; Giljaca, V.; Jureckova, A.; Bulusu, V.R. Global epidemiology of gastrointestinal stromal
tumours (GIST): A systematic review of population-based cohort studies. Cancer Epidemiol. 2016, 40, 9—46. [CrossRef]

Ma, G.L.; Murphy, ].D.; Martinez, M.E.; Sicklick, ]. K. Epidemiology of gastrointestinal stromal tumors in the era of histology
codes: Results of a population-based study. Cancer Epidemiol. Biomark. Prev. 2015, 24, 298-302. [CrossRef]

Perez, E.A,; Livingstone, A.S.; Franceschi, D.; Rocha-Lima, C.; Lee, D.J.; Hodgson, N.; Jorda, M.; Koniaris, L.G. Current incidence
and outcomes of gastrointestinal mesenchymal tumors including gastrointestinal stromal tumors. J. Am. Coll. Surg. 2006, 202,
623-629. [CrossRef]

DeMatteo, R.P,; Ballman, K.V.; Antonescu, C.R.; Maki, R.G.; Pisters, PW.; Demetri, G.D.; Blackstein, M.E.; Blanke, C.D.; von
Mehren, M.; Brennan, M.F; et al. Adjuvant imatinib mesylate after resection of localised, primary gastrointestinal stromal tumour:
A randomised, double-blind, placebo-controlled trial. Lancet 2009, 373, 1097-1104. [CrossRef]

Lassau, N.; Lamuraglia, M.; Chami, L.; Leclere, ].; Bonvalot, S.; Terrier, P.; Roche, A.; Le Cesne, A. Gastrointestinal stromal tumors
treated with imatinib: Monitoring response with contrast-enhanced sonography. AJR Am. J. Roentgenol. 2006, 187, 1267-1273.
[CrossRef]

Duggan, M.A.; Anderson, W.E; Altekruse, S.; Penberthy, L.; Sherman, M.E. The Surveillance, Epidemiology, and End Results
(SEER) Program and Pathology: Toward Strengthening the Critical Relationship. Am. ]. Surg. Pathol. 2016, 40, e94—e102.
[CrossRef] [PubMed]

Khan, J.; Ullah, A.; Waheed, A.; Karki, N.R.; Adhikari, N.; Vemavarapu, L.; Belakhlef, S.; Bendjemil, S.M.; Mehdizadeh Seraj,
S.; Sidhwa, F; et al. Gastrointestinal Stromal Tumors (GIST): A Population-Based Study Using the SEER Database, including
Management and Recent Advances in Targeted Therapy. Cancers 2022, 14, 3698. [CrossRef] [PubMed]

Tryggvason, G.; Gislason, H.G.; Magnusson, M.K,; Jénasson, J.G. Gastrointestinal stromal tumors in Iceland, 1990-2003: The
icelandic GIST study, a population-based incidence and pathologic risk stratification study. Int. J. Cancer. 2005, 117, 289-293.
[CrossRef]

Ulanja, M.B.; Rishi, M.; Beutler, B.D.; Konam, K.G.; Ambika, S.; Hinojosa, T.; Djankpa, FT.; Yang, W.; Gullapalli, N. Racial
Disparity in Incidence and Survival for Gastrointestinal Stromal Tumors (GISTs): An Analysis of SEER Database. |. Racial Ethn.
Health Disparities 2019, 6, 1035-1043. [CrossRef]

Nilsson, B.; Biimming, P.; Meis-Kindblom, J.M.; Odén, A.; Dortok, A.; Gustavsson, B.; Sablinska, K.; Kindblom, L.G. Gastroin-
testinal stromal tumors: The incidence, prevalence, clinical course, and prognostication in the preimatinib mesylate era—A
population-based study in western Sweden. Cancer 2005, 103, 821-829. [CrossRef]

Joensuu, H.; Hohenberger, P; Corless, C.L. Gastrointestinal stromal tumour. Lancet 2013, 382, 973-983. [CrossRef]

Mucciarini, C.; Rossi, G.; Bertolini, F.; Valli, R.; Cirilli, C.; Rashid, I.; Marcheselli, L.; Luppi, G.; Federico, M. Incidence and
clinicopathologic features of gastrointestinal stromal tumors. A Popul.-Based Study. BMC Cancer 2007, 7, 30.

Caterino, S.; Lorenzon, L.; Petrucciani, N.; Iannicelli, E.; Pilozzi, E.; Romiti, A.; Cavallini, M.; Ziparo, V. Gastrointestinal stromal
tumors: Correlation between symptoms at presentation, tumor location and prognostic factors in 47 consecutive patients. World J.
Surg. Oncol. 2011, 9, 3. [CrossRef]

Biimming, P.; Ahlman, H.; Andersson, J.; Meis-Kindblom, J.M.; Kindblom, L.G.; Nilsson, B. Population-based study of the
diagnosis and treatment of gastrointestinal stromal tumours. Br. J. Surg. 2006, 93, 836-843. [CrossRef] [PubMed]

Yuval, ].B.; Khalaileh, A.; Abu-Gazala, M.; Shachar, Y.; Keidar, A.; Mintz, Y.; Nissan, A.; Elazary, R. The true incidence of gastric
GIST-a study based on morbidly obese patients undergoing sleeve gastrectomy. Obes. Surg. 2014, 24, 2134-2137. [CrossRef]
Scarpa, M.; Bertin, M.; Ruffolo, C.; Polese, L.; D’Amico, D.E; Angriman, I. A systematic review on the clinical diagnosis of
gastrointestinal stromal tumors. J. Surg. Oncol. 2008, 98, 384-392. [CrossRef] [PubMed]


https://doi.org/10.1007/s004280000338
https://doi.org/10.1016/S0046-8177(99)90040-0
https://www.ncbi.nlm.nih.gov/pubmed/10534170
https://doi.org/10.1126/science.279.5350.577
https://www.ncbi.nlm.nih.gov/pubmed/9438854
https://doi.org/10.1177/106689690201000201
https://doi.org/10.1111/j.1572-0241.2005.40709.x
https://www.ncbi.nlm.nih.gov/pubmed/15654796
https://doi.org/10.1016/j.humpath.2006.07.002
https://doi.org/10.1097/01.pas.0000213307.05811.f0
https://doi.org/10.1097/00004728-200309000-00018
https://doi.org/10.1016/j.canep.2015.10.031
https://doi.org/10.1158/1055-9965.EPI-14-1002
https://doi.org/10.1016/j.jamcollsurg.2006.01.002
https://doi.org/10.1016/S0140-6736(09)60500-6
https://doi.org/10.2214/AJR.05.1192
https://doi.org/10.1097/PAS.0000000000000749
https://www.ncbi.nlm.nih.gov/pubmed/27740970
https://doi.org/10.3390/cancers14153689
https://www.ncbi.nlm.nih.gov/pubmed/35954353
https://doi.org/10.1002/ijc.21167
https://doi.org/10.1007/s40615-019-00605-9
https://doi.org/10.1002/cncr.20862
https://doi.org/10.1016/S0140-6736(13)60106-3
https://doi.org/10.1186/1477-7819-9-13
https://doi.org/10.1002/bjs.5350
https://www.ncbi.nlm.nih.gov/pubmed/16705644
https://doi.org/10.1007/s11695-014-1336-5
https://doi.org/10.1002/jso.21120
https://www.ncbi.nlm.nih.gov/pubmed/18668671

Med. Sci. 2023, 11, 54 12 0of 12

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Miettinen, M.; Lasota, J. Gastrointestinal stromal tumors: Pathology and prognosis at different sites. Semin. Diagn. Pathol. 2006,
23,70-83. [CrossRef]

Kukar, M.; Kapil, A.; Papenfuss, W.; Groman, A.; Grobmyer, S.R.; Hochwald, S.N. Gastrointestinal stromal tumors (GISTs) at
uncommon locations: A large population based analysis. J. Surg. Oncol. 2015, 111, 696-701. [CrossRef] [PubMed]

Giiller, U.; Tarantino, I.; Cerny, T.; Schmied, B.M.; Warschkow, R. Population-based SEER trend analysis of overall and cancer-
specific survival in 5138 patients with gastrointestinal stromal tumor. BMC Cancer 2015, 15, 57. [CrossRef]

Cheung, M.C.; Zhuge, Y.; Yang, R.; Koniaris, L.G. Disappearance of racial disparities in gastrointestinal stromal tumor outcomes.
J. Am. Coll. Surg. 2009, 209, 7-16. [CrossRef]

IJzerman, N.S.; van Werkhoven, E.; Mohammadi, M.; den Hollander, D.; Bleckman, R.F,; Reyners, A.K.; Desar, .M.; Gelderblom,
H.; Griinhagen, D.J.; Mathijssen, R.H.; et al. Sex differences in patients with gastrointestinal stromal tumours: Do they exist and
does it affect survival? ESMO Open 2022, 7, 100649. [CrossRef]

Tang, L.; Pan, Z.; Zhang, X. The effect of marital status on the survival of patients with multiple myeloma. Hematology 2022, 27,
187-197. [CrossRef]

Wang, S.; Chen, L.; Chen, D.; Chao, J.; Shao, Y.; Tang, K.; Chen, W. Effect of Marital Status on the Survival of Patients With
Adenocarcinoma of the Esophagogastric Junction: A Population-Based, Propensity-Matched Study. Cancer Control. 2021,
28,0732748211066309. [CrossRef]

Zhou, C,; Zhang, Y,; Hu, X.; Fang, M.; Xiao, S. The effect of marital and insurance status on the survival of elderly patients with
stage M1b colon cancer: A SEER-based study. BMC Cancer 2021, 21, 891. [CrossRef]

Alyabsi, M.; Ramadan, M.; Algarni, M.; Alshammari, K; Jazieh, A.R. The effect of marital status on stage at diagnosis and
survival in Saudis diagnosed with colorectal cancer: Cancer registry analysis. Sci. Rep. 2021, 11, 8603. [CrossRef] [PubMed]
Xiao, K.; Cai, Y.; Chen, P;; Chen, J.; Ye, R.; Liu, X.; Yuan, B.; Zhao, Y. The effect of marital status on the survival of patients with
colorectal neuroendocrine neoplasms: An analysis of the SEER database. Rev. Esp. Enferm. Dig. 2020, 112, 109-117. [CrossRef]
Dong, J.; Dai, Q.; Zhang, F. The effect of marital status on endometrial cancer-related diagnosis and prognosis: A Surveillance
Epidemiology and End Results database analysis. Future Oncol. 2019, 15, 3963-3976. [CrossRef]

Hinyard, L.; Wirth, L.S.; Clancy, ].M.; Schwartz, T. The effect of marital status on breast cancer-related outcomes in women under
65: A SEER database analysis. Breast 2017, 32, 3—7. [CrossRef] [PubMed]

Xie, J.C.; Yang, S.; Liu, X.Y.; Zhao, Y.X. Effect of marital status on survival in glioblastoma multiforme by demographics, education,
economic factors, and insurance status. Cancer Med. 2018, 7, 3722-3742. [CrossRef] [PubMed]

Liang, Y.; Wu, X,; Lu, C.; Xiao, F. Impact of marital status on the prognosis of liver cancer patients without surgery and the critical
window. Ann. Palliat. Med. 2021, 10, 2990-2999. [CrossRef]

Feng, Y,; Dai, W.; Li, Y,; Mo, S.; Li, Q.; Cai, S. The effect of marital status by age on patients with colorectal cancer over the past
decades: A SEER-based analysis. Int. J. Color. Dis. 2018, 33, 1001-1010. [CrossRef]

Cavnar, M.]; Seier, K M.; Curtin, C.B.; Balachandran, V.P; Coit, D.G.; Yoon, S.S.; Crago, A.M.; Strong, V.E.; Tap, W.D.; Génen, M.;
et al. Outcome of 1000 Patients With Gastrointestinal Stromal Tumor (GIST) Treated by Surgery in the Pre- and Post-imatinib Eras.
Ann Surg. 2021, 273, 128-138. [CrossRef]

An, HJ.,; Ryu, M.H,; Ryoo, B.Y,; Sohn, B.S.; Kim, K.H.; Oh, S.T;; Yu, C.S.; Yook, ].H.; Kim, B.S.; Kang, Y.K. The effects of surgical
cytoreduction prior to imatinib therapy on the prognosis of patients with advanced GIST. Ann. Surg. Oncol. 2013, 20, 4212-4218.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1053/j.semdp.2006.09.001
https://doi.org/10.1002/jso.23873
https://www.ncbi.nlm.nih.gov/pubmed/25560251
https://doi.org/10.1186/s12885-015-1554-9
https://doi.org/10.1016/j.jamcollsurg.2009.03.018
https://doi.org/10.1016/j.esmoop.2022.100649
https://doi.org/10.1080/16078454.2022.2026027
https://doi.org/10.1177/10732748211066309
https://doi.org/10.1186/s12885-021-08627-5
https://doi.org/10.1038/s41598-021-88042-9
https://www.ncbi.nlm.nih.gov/pubmed/33883627
https://doi.org/10.17235/reed.2019.6183/2019
https://doi.org/10.2217/fon-2019-0241
https://doi.org/10.1016/j.breast.2016.12.008
https://www.ncbi.nlm.nih.gov/pubmed/28012410
https://doi.org/10.1002/cam4.1688
https://www.ncbi.nlm.nih.gov/pubmed/30009575
https://doi.org/10.21037/apm-20-1885
https://doi.org/10.1007/s00384-018-3017-7
https://doi.org/10.1097/SLA.0000000000003277
https://doi.org/10.1245/s10434-013-3279-9
https://www.ncbi.nlm.nih.gov/pubmed/24052319

	Introduction 
	Materials and Methods 
	Study Design 
	Data Selection 
	Inclusion Criteria 
	Exclusion Criteria 

	Study Variables 
	Main Exposure 
	Outcomes 
	Sociodemographic and Tumor Characteristics 

	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

