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Abstract

Background Many studies on gastrointestinal stromal tumors (GISTs) derive from tertiary referral centers, but few

examine strictly population-based cohorts. Thus, we evaluated the clinical features, surgical treatments, clinical

outcomes, and factors predicting the survival of patients with GISTs in a population-based series.

Methods Patients with GISTs diagnosed at Stavanger University Hospital over three decades (1980–2012) were

analyzed. Data were retrieved from hospital records. Descriptive statistics and survival analyses (Kaplan–Meier) are

presented. A limited number of colorectal GISTs (n = 6) restricted most analyses to those with a gastric or small

bowel location.

Results Among 66 patients surgically treated for GISTs, 60 patients (91 %) had either a gastric or a small bowel

localization. Females comprised 61 %. The median age at diagnosis was 63 (range, 15–88) years. Clinical symptoms

were recorded in 43 patients (65 %). Complete tumor resection was achieved in 85 % of the patients. During follow-

up, 6 patients were surgically treated for local recurrence or metastatic disease. The median follow-up time was

6.1 years. At last follow-up, 30 patients (46 %) were deceased, 10 of whom died from GISTs. The median overall

survival was 10.4 years. For GISTs with a gastric or small bowel location, a 1- and 5-year disease-specific survival of

100 and 96 %, and a relapse-free survival of 96 and 78 % were observed. Male gender, incidental diagnosis, smaller

tumor size, a low mitotic rate, an intact pseudocapsule, low-risk categorization, and an early stage were significantly

associated with improved outcomes.

Conclusion Surgery in a low-volume, population-based setting yields enhanced long-term disease and recurrence-

free survival for patients with GISTs of the stomach or small bowel. Incidental diagnosis, complete tumor resection,

and low-risk categorization are good predictors of long-term prognosis.

Introduction

Gastrointestinal stromal tumors (GISTs), although rare, are

the most common non-epithelial neoplasms of the digestive
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tract [1, 2]. These tumors typically occur in the stomach or

small bowel and are relatively infrequent elsewhere in the

digestive tract and other locations [1–4]. GISTs account for

less than 3 % of all gastrointestinal tumors but comprise

nearly one-fifth of sarcomas and 80 % of gastrointestinal

sarcomas [5–7]. The introduction of imatinib for the

treatment of recurrent or metastatic GISTs in 2000, and

later in the adjuvant setting, substantially improved selec-

ted patients’ outcomes. Nevertheless, complete surgical

resection remains the gold-standard treatment for localized

primary GISTs [3, 8–10].

Numerous clinical studies on GISTs have been pub-

lished recently, mainly from tertiary referral centers, which

may present an inherent selection bias. The present study

evaluated the clinical features, surgical treatments, and

clinical outcomes of patients with GISTs in a true popu-

lation-based, single-institution consecutive series over the

last three decades.

Materials and methods

Study population

Stavanger University Hospital (SUH) is the only hospital in

its catchment area in southwestern Norway and provides

healthcare services to a well-defined population that has

increased from 220,000 individuals in 1980 to 340,000 in

2011 [11].

Study period and follow-up

The study period spanned 32 years, starting in January

1980, when a histopathological archive was established at

SUH. Follow-up was performed on an individual basis, and

clinical follow-up data were available for all patients. The

follow-up was completed by May 2013. Patient demo-

graphics and clinical information were retrieved from hos-

pital records, autopsy reports, and the official population

registry. In the event of death, the details and cause of death

were obtained from hospital records, including autopsy

reports, when available, and from general practitioners.

Identification of patients and tumor characteristics

An experienced board-certified pathologist reviewed all

mesenchymal tumors recorded in the pathology files at

SUH over the last 32 years to identify eligible patients, as

previously described in detail [12]. Lesions that had his-

tomorphological and/or immunohistochemical profiles

consistent with GISTs were included. Morphological tumor

characteristics included tumor size, mitotic count, and

tumor rupture [12, 13].

Definitions

Based on the symptoms and signs recorded at hospital

admittance, each patient’s clinical presentation was

assigned to one of the following three groups: a) acute

illness with signs of peritonitis, ileus or significant gas-

trointestinal bleeding; b) relatively unspecific symptoms

due to an abdominal mass with or without bleeding; and

c) asymptomatic tumors incidentally diagnosed at sur-

gery, endoscopy or radiology for other reasons or during

histological examination of a specimen resected for

another reason. Surgical resection margins were evalu-

ated and classified as R0-R2 according to UICC stan-

dards [14].

The risk of disease progression was assessed according

to the National Institute of Health (NIH) consensus criteria

[15], the Armed Forces Institute of Pathology (AFIP) cri-

teria [16], the modified NIH consensus (Joensuu) criteria

[17, 18], and a recently published contour map [3]. The

patients were grouped according to the 2010 UICC TNM

classification [14]. Local recurrence was defined as the

appearance of a gross tumor at the primary tumor site.

Metastasis was defined as the appearance of a tumor distant

from the resection site. Synchronous metastases were

encountered at the time of diagnosis of the primary tumor

or within the following 6 months. Overall survival (OS)

was calculated from the day of diagnosis until death from

any cause. Disease-specific survival (DSS) was defined as

the time from gross complete resection until death from a

GIST. Recurrence-free survival (RFS) was defined as the

time from gross complete resection until the first tumor

recurrence at any location.

Study ethics

The study was approved by the institution’s review board

(ID No. 2009/1754) according to general guidelines pro-

vided by the Regional Ethics Committee.

Statistical analysis

A descriptive analysis was performed assuming a non-

parametric distribution and using the v2 test or Fisher’s

exact test, where appropriate, for dichotomous data and the

Mann–Whitney U-test for continuous data. The data are

reported as medians with ranges (or inter-quartile-ranges

(IQRs)) for continuous variables or as rates/percentages for

groups. Kaplan–Meier analysis was used to calculate sur-

vival curves, and survival was compared between groups

using the log-rank test. All tests were two-tailed, and sta-

tistical significance was set at p \ 0.05.
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Results

Among 70 patients identified with GISTs during the study

period, four patients were excluded (i.e., 2 had no surgery,

1 declined surgery, and 1 received neoadjuvant therapy, but

surgery was not yet completed). Consequently, the study

population comprised 66 patients, including 40 females

(61 %), with primary GISTs. These patients had a median

age of 63 (range, 15–88) years. The female preponderance

was greater for tumor location in the small intestine. No

significant difference in the median age at diagnosis was

observed between genders. Patient demographics and

clinical characteristics for 66 patients are summarized in

Table 1.

Due to the small number of colon and rectum

GISTs(n = 6), these patients were excluded from some

analyses.

Clinical presentation

Clinical symptoms were encountered in 43 patients (65 %)

(Table 1). Although symptomatic patients were younger

(median, 62 years) compared to asymptomatic patients

(median, 71 years), this difference did not reach statistical

significance (p = 0.225). An acute diagnostic setting and

emergency treatment were more frequently observed for

small bowel tumors than for gastric GISTs (p = 0.029).

Four of the incidental tumors were detected during acute

surgery for unrelated conditions.

Tumor characteristics

Tumor distribution along the gastrointestinal tract is pre-

sented in Table 1. The median tumor diameter among all

patients was 5.0 (range, 0.3–23) cm, with no statistically

significant difference related to location between gastric

and small bowel GISTs. Tumor diameters in the upper

digestive tract were significantly larger among symptom-

atic patients compared with asymptomatic patients (med-

ian, 6.8 vs. 2.3 cm, respectively; p \ 0.001). The median

tumor diameter (7.1 cm; range, 1.8–23.0) among the 16

patients operated acutely for GISTs was similar to that of

the 27 patients who underwent elective surgery (6.5 cm;

range, 1.5–21.0).

Most tumors in both the stomach (64 %) and the small

intestine (83 %) had a low mitotic rate (p = 0.150).

Tumor rupture was recorded in 2 gastric and 4 small

bowel tumors (5 vs. 17 %; p = 0.288). Additionally, a

similar perforation risk was observed between genders. The

median age was 49 (range, 36–64) years, and the median

Table 1 Demographic and clinical characteristics (n = 66 patients)

Localization

Characteristics Total Gastric Small bowel Colon Rectum p valuea

(n = 66) (n = 37) (n = 23) (n = 2) (n = 4)

[100 %] [56 %] [35 %] [3 %] [6 %]

Sex

Male 26 (39 %) 16 (43 %) 7 (30 %) 1 (50 % 2 (50 %) 0.733

Female 40 (61 %) 21 (57 %) 16 (70 %) 1 (50 %) 2 (50 %)

Age (years)

Median (range) 63 (15–86) 63 (28–84) 63 (15-86) 76 (63–88) 76 (41–82) 0.445

Age (categories)

\60 years 27 (41 %) 16 (43 %) 10 (44 %) 0 1 (25 %) 0.583

C60 years 39 (59 %) 21 (57 %) 13 (56 %) 2 (100 %) 3 (75 %)

Clinical presentation

Symptomatic 43 (65 %) 28 (76 %) 12 (52 %) 0 3(75 %) 0.060

Incidental 23 (35 %) 9 (24 %) 11 (48 %) 2 (100 %) 1 (25 %)

Diagnostic setting 0.029

Acute 16 (24 %) 8 (22 %) 8 (35 %) 0 0

Elective 27 (41 %) 20 (54 %) 4 (17 %) 0 3 (75 %)

Incidental 203(35 %) 9 (24 %) 11(48 %) 2 (100 %) 1 (25 %)

Emergency 0.027

Yes 15 (23) 5 (14) 10 (44) 0 0

No 51 (77) 32 (87) 13 (57) 2 (100 %) 4 (100 %)

a For differences between groups, the v2 test or Fisher’s exact test was used, where appropriate, for dichotomous data

Percentages are reported for each location and may not add up to 100 % due to rounding
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tumor size was 10.8 (range, 6.2–18) cm among patients

with tumor perforation.

Metastases

One patient with gastric GIST had lymph node involve-

ment at diagnosis, and lymph node metastases were diag-

nosed during follow-up in another patient with a small

bowel GIST. Four patients (1 stomach, 3 small bowel) had

synchronous distant metastases, and 9 patients (6 stomach,

2 small bowel and 1 rectum) developed metachronous

distant metastases. These patients had high-risk tumors

according to the Joensuu criteria [17], with the exception of

1 intermediate-risk gastric GIST with metachronous

metastases. The distribution into risk categories according

to the aforementioned classification systems is given in

Table 2 for the gastric and small bowel GISTs.

Surgery

Four patients (7 %), including 3 in the pre-imatinib era,

underwent multivisceral resection. Combined total gas-

trectomy, splenectomy, distal pancreatectomy, and left

hemicolectomy were the most extensive procedures per-

formed in a single patient. However, most operations were

limited open (or laparoscopic) resections, and typically

gastric wedge resection or resection of short bowel

segments.

Five gastric (14 %) and 10 small bowel (44 %) GISTs

with acute clinical presentation were treated as surgical

emergencies (p = 0.014; for separate comparison of these

two groups). Complete resection (R0) was achieved in 32

patients (87 %) with gastric tumors, 19 patients (83 %)

with small bowel, and 5 patients (83 %) with colorectal

tumors, respectively. In total, 9 patients (14 %) had

microscopically incomplete resection (R1), and 1 patient

with a small bowel GIST had gross residual disease (R2)

after surgery. Half of the patients (4/9) with R1 resection

were operated on as emergencies.

Six patients (9 %) were surgically treated for local

recurrence or metastatic disease, including one patient who

required gastric wedge resection for local recurrence

4 years after the initial operation. Five patients underwent

resections for metachronous metastatic disease, two of

them repeatedly.

Postoperative mortality

Five patients (8 %), including 3 incidentally diagnosed

patients, died in the hospital or within 30 days after sur-

gery. The cause of death was postoperative abdominal

sepsis (n = 3) or acute myocardial infarction (n = 2).

Systemic treatment

In total, 37 patients (58 %) were diagnosed with GISTs

after the introduction of imatinib mesylate as a treatment

option in 2001 [19]. Our first patient was offered palliative

imatinib mesylate in September 2001, and 14 patients were

eventually treated with a tyrosine kinase inhibitor (TKI).

Two patients in the pre-TKI era received palliative con-

ventional chemotherapy, 1 of them in combination with

radiation for liver metastases.

Follow-up and survival

No patients were lost to follow-up. Half of the patients

(n = 3) with colorectal GISTs died during the study per-

iod, 1 of them from disseminated disease.

The median follow-up time for 60 patients with gastric

or small bowel location was 6.9 (IQR, 2.6–10.7) years.

During follow-up, 27 (45 %) of these patients died, and an

advanced or progressive GIST was the cause of death in 9

cases (9/27 = 33 %). Eleven patients, including 6 males

and 5 females, had recurrent disease, and eventually 8 of

these 11 patients died from the disease.

Overall survival (OS)

The median OS was 10.3 years (95 % confidence interval

(CI) 5.1–15.5). The 1- and 5-year OS rates were 92 and

80 %, respectively (Figs. 1 and 2). In univariate survival

analyses, male gender and younger age was associated with

significantly better OS.

In the analyses of DSS and RFS, 1 patient with an R2

resection, who died of abdominal sepsis on the first post-

operative day, was excluded.

Disease-specific survival (DSS)

The 1- and 5-year DSS rates were 100 and 96 %, respec-

tively (Fig. 2). Smaller tumor size was significantly asso-

ciated with longer DSS, as was the absence of tumor

perforation. Additionally, low-risk classification [3, 15–18]

and an early stage according to the UICC criteria of disease

[14] indicated better outcomes.

Relapse-free survival (RFS)

The 1- and 5-year RFS rates were 96 and 78 %, respec-

tively (Fig. 2). Male gender, smaller tumor size, a low

mitotic rate, an intact pseudocapsule, incidental diagnosis,

low-risk categorization, and an early stage were all sig-

nificantly associated with a longer RFS in univariate

analyses.
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Discussion

This population-based study on surgery for GISTs high-

lights the overall good prognosis and outcomes of a disease

that is often incidentally detected and treated in a com-

munity setting. Most patients with GISTs presented with

limited disease and low-to-moderate risk, and surgery

generally provided a long-term cure. This result contrasts

with reports in the surgical literature, which have often

analyzed patient series at tertiary referral centers that

receive and treat more overt, aggressive, and complex

GISTs. However, the importance of an intact pseudocap-

sule and the favorable outcomes observed in low-risk cat-

egories are comparable with the results of previous surgical

series [8, 20–23].

GISTs have been reported in all age groups but are rare

in patients younger than 30 years. The age distribution in

this study, with a median of approximately 63 years, was

similar to distributions in other reports [3]. The tumor

distribution along the gastrointestinal tract was also similar

to that of other studies, with most located in the stomach

[3].

Localized primary GISTs are best treated with complete

surgical resection [3, 8, 9], and a large proportion of

patients can be cured by surgery alone. However, disease

relapse may occur in up to 40 % of patients [3]. Adjuvant

treatment with TKIs can increase RFS and prolong survival

among high-risk patients [24–26]. Notably, adjuvant

treatment with TKIs may also cause adverse effects and

increase costs. Therefore, estimation of recurrence risk is

important to optimize the management of operable GISTs.

Table 2 Tumor and risk characteristics (n = 60 patients)

Localization

Characteristics Total

(n = 60)

Gastric

(n = 37)

Small bowel

(n = 23)

p valuea

[100 %] [62 %] [38 %]

Size of tumor (cm) 0.500

\2 12 (20 %) 6 (16 %) 6 (26 %)

2–5 19 (32 %) 12 (32 %) 7 (30 %)

[5–10 19 (32 %) 11 (30 %) 8 (35 %)

[10 10 (17 %) 8 (22 %) 2 (9 %)

Mitosesb 0.252

\5/50 HPF 42 (71) 23 (64) 19 (83)

6–10/50 HPF 9 (15) 7 (19) 2 (9)

[10/50 HPF 8 (14) 6 (17) 2 (9)

Perforation 0.191

Yes 6 (10) 2 (5) 4 (17)

No 54 (90) 35 (95) 19 (83)

Surgical margin 0.378

R0 51 (85) 32 (87) 19 (83)

R1 8 (13) 5 (14) 3 (13)

R2 1 (2) 0 1 (4)

Risk category NIH 0.566

Very low risk 12 (20 %) 6 (16 %) 6 (26 %)

Low risk 15 (25 %) 9 (24 %) 6 (26 %)

Intermediate

risk

14 (23 %) 8 (22 %) 6 (26 %)

High risk 19 (32 %) 14 (38 %) 5 (22 %)

Risk category AFIPb 0.096

None 12 (20) 6 (17) 6 (26)

Very low 10 (17) 9 (25) 1 (4)

Low 10 (17) 5 (14) 5 (22)

Moderate 10 (17) 6 (17) 4 (17)

High 15 (25) 10 (28) 5 (22)

Insufficient

data

2 (3) 0 2 (9)

Risk category Joensuu 0.033

Very low risk 12 (20) 6 (16) 6 (26)

Low risk 15 (25) 9 (24) 6 (26)

Intermediate

risk

8 (13) 8 (22) 0

High risk 25 (42) 14 (38) 11 (48)

Risk category contour map 0.154

0–10 24 (40) 16 (43) 8 (35)

10–20 10 (17) 6 (16) 4 (17)

20–40 11 (18) 6 (16) 5 (22)

40–60 2 (3) 2 (5) 0

60–80 3 (5) 3 (8) 0

80–90 3 (5) 0 3 (13)

90–100 5 (8) 2 (5) 3 (13)

Lack of data 2 (3) 2 (5) 0

Table 2 continued

Localization

Characteristics Total

(n = 60)

Gastric

(n = 37)

Small bowel

(n = 23)

p valuea

[100 %] [62 %] [38 %]

UICC stage group

I 12 (20) – 12 (52)

IA 15 (25) 15 (41) –

IB 6 (10) 6 (16) –

II 13 (22) 7 (19) 6 (26)

IIIA 5 (8) 4 (11) 1 (4)

IIIB 5 (8) 3 (8) 2 (9)

IV 12 (20) 2 (5) 2 (9)

a For differences between groups, the Chi-squared or Fisher’s exact

test was used, where appropriate, for dichotomous data
b Missing data for 1 patient in each of the categories ‘‘mitoses’’ and

‘‘risk’’

Percentages are reported for each location and may not add up to

100 % due to rounding
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Tumor size, the mitotic rate, the tumor site, and tumor

perforation are recognized as risk factors for recurrence [3,

4, 8, 27–29]. Tumor size, the mitotic rate, and tumor per-

foration were also identified as significant factors in the

present study, whereas the tumor site was not, possibly due

to the small sample size. Additionally, classification into a

high-risk group served as a negative prognostic factor for

all included risk stratification systems. Patients with inci-

dentally diagnosed GISTs demonstrated a significantly

better prognosis (for RFS, not DSS) than did patients with

symptomatic tumors, which may be explained by the

smaller tumor size of incidentally diagnosed GISTs, as

tumor size is an important prognosticator.

With a median OS of 10 years and 1- and 5-year DSS

rates of 100 and 96 %, respectively, the prognosis of

patients with GISTs is regarded as favorable. In fact, the

DSS results of the current study are better than those

reported for a large Memorial Sloan-Kettering series, with

1- and 5-year DSS rates of 88 and 54 %, respectively [8].

Clearly, patient selection, referral patterns, and the treat-

ment period (1982–1998) differed between the studies, so

the results are not immediately comparable. As such, the

observed 1- and 5-year RFS rates of 96 and 78 %,

respectively, may seem high but are consistent with a

recent large, pooled dataset from Europe and Japan [3].

The well-defined, population-based study sample and

the long-term follow-up represent strengths of this study.

Additionally, the thorough re-evaluation and classification

of archived specimens’ morphology based on contempo-

rary criteria for correct diagnosis and proper risk evaluation

contributed to the study’s consistency.

The current study’s limitations include its retrospective

design and long inclusion timespan, during which consid-

erable changes and improvements in routine preoperative

imaging, primary treatment, and treatment options for

recurrent or advanced disease occurred. The overall patient

number was small, yet this size reflects a true population-

based approach to management of this disease. The limited

number of patients and the few endpoints for the investi-

gated outcomes (i.e. survival) prevented the use of multi-

variate regression analyses, as these would have been

fraught with uncertainty and large CIs.

The interventions’ heterogeneity over time and differ-

ences in the case-mix, as shown in comparable studies [3,

8], make it difficult to draw firm conclusions. Nevertheless,

Fig. 1 Overall survival presented for 66 patients surgically treated

for GISTs during the study period

Fig. 2 Disease-specific survival

(DSS) and relapse-free survival

(RFS) for patients with gastric

or small bowel location of the

GIST
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our results from a non-selected population-based series add

to core knowledge on the management of this relatively

rare malignant entity. Multidisciplinary collaboration to

enable correct preoperative diagnosis and staging for

appropriate primary surgical treatment, including neoad-

juvant and/or adjuvant treatment, as indicated, are impor-

tant for improving the standard of care for patients with

GISTs in the future.
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