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Abstract

Gastrointestinal stromal tumours (GIST) are identified by their specific morphology added with immunohistochemical staining
with anti-CD117, the phenotypic marker for GIST in the majority of cases. In this study the reported incidence of GIST and GIST-
like tumours before and after the routine availability of the specific diagnostic marker CD117 antigen was investigated. All patients
with GIST or GIST-like tumours were selected from PALGA, a nation-wide network and registry of histo- and cytopathology in the
Netherlands, to calculate the incidence in 1995 and longitudinally over time between 1998 and 2003. Pathological reports were
retrieved to assess the type of immunostaining used and to assess the risk category for malignant behaviour according to the recently
published consensus criteria. The annual incidence of GIST as distilled from the national pathology registry increased from 2.1 per
million inhabitants in 1995 to 12.7 per million inhabitants in 2003. The incidence of GIST-like tumours decreased from 17.6 per
million inhabitants in 1995 to 12.7 per million inhabitants in 2003. The incidences were stable from 2000 onwards. Additional anal-
ysis in 2003 indicated that more than 90% of the GIST tested was CD117 positive, compared to only 4% of the GIST-like tumours.
Almost 50% of the GIST was considered to be at high-risk for malignant behaviour, according to the consensus criteria. The
increased incidence of GIST 1995–2003 is related to increased understanding of GIST pathobiology and the routine availability
of the diagnostic immunohistochemical antibody directed against the CD117 antigen.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Gastrointestinal stromal tumours (GIST) are the
most common mesenchymal tumours of the gastrointes-
tinal tract [1,2]. These tumours can be lethal; five-year
survival ranges between 35% and 65% and depends on
tumour size, mitotic index and location.[3] The identifi-
cation of GIST has become important since specific,
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pathogenesis-targeted treatment with Kit tyrosine ki-
nase inhibitor, imatinib mesylate (Glivec�) has become
available, which has demonstrated promising clinical re-
sults [4–6]. Before the introduction of imatinib, patients
with inoperable GIST had limited therapeutic options,
with a low response rate (less than 10%) to conventional
chemotherapy [4,7].

Information on the true incidence and prevalence of
GIST is however, scarce, due to previous lack of well-de-
fined pathologic criteria. Recent insights into the origin
and pathogenesis of GIST revealed that pathologic acti-
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vation of Kit signal transduction is a central event of
GIST pathogenesis, which usually leads to expression
of Kit protein (CD117) [1,2]. This resulted in the devel-
opment of a reliable phenotypic marker for GIST
(CD117 antigen) and a major reappraisal of the classifi-
cation of GIST and GIST-like tumours over the past 3–
4 years [4,8]. Recent data from Sweden however may
indicate that, on basis of CD117 testing, the annual inci-
dence of GIST, has been largely underestimated [9].

The aim of the present study was to investigate the re-
ported incidence of GIST and GIST-like tumours before
and after the availability of the specific diagnostic mar-
ker CD117 antigen in a nation-wide study, making use
of the unique situation of a national pathology registry
covering 100% of pathology labs in the country. In addi-
tion, the metastatic risk index of reported GIST was
assessed.
2. Materials and methods

2.1. The PALGA registry

Data for this study were obtained from PALGA, a
nation-wide network and registry of histo- and cytopa-
thology, which contains standardised abstracts of all
16 million inhabitants of The Netherlands since 1990.
The abstracts contain amongst others encrypted patient
identification, demographic data and a summary of the
pathology report coded in accord with SNOMED termi-
nology. The registry is both used for daily patient-care
as for national and international scientific research.

2.2. Retrieval of patients with GIST and GIST-like

tumours

From the PALGA registry all GIST and non-extrem-
ity GIST-like tumours (leiomyoma, leiomyosarcoma,
liposarcomas, desmoid type fibromatosis, schwannoma
and leiomyoblastoma) were selected in 1995 and be-
tween 1998 and 2003 [10]. The final selection of the cases
was based on the coding of GIST and additional infor-
mation from the conclusion; if a patient was coded as
GIST-like tumour but referred to as a GIST in the con-
clusion the patient was classified as a GIST patient. Pa-
tients were included in the study at the time of their first
diagnosis of GIST. For all cases of GIST and GIST-like
tumours in 2003 the pathological reports were derived
from the departments of pathology in order to assess
additional information on the type of immunoassaying,
tumour size and mitotic rate.

2.3. Morphologic analyses

For all cases of GIST and GIST-like tumours in
2003, the immunohistochemical staining results
(CD117, CD34, desmin, smooth muscle cell actin,
vimentin) used to identify the tumour were assessed.
The size of the tumour and its mitotic rate per 50 high
power fields (HPF) were determined and these criteria
were used for the risk assessment of GIST according
to Fletcher [11]. This scheme includes four tumour risk
groups, including a very-low-risk group (<2 cm and <5
mitoses/50 HPF), a low-risk group (2–5 cm and <5
mitoses/50 HPF), an intermediate-risk group (<5 cm
and 6–10 mitoses/50 HPF or 5–10 cm and <5 mito-
ses/50 HPF), and a high-risk group (>5 cm and >5
mitoses/50 HPF or >10 cm regardless of mitotic activ-
ity or >10 mitoses/50 HPF regardless of the tumour
size).

2.4. Statistical methods

The incidence of GIST and GIST-like tumours was
calculated from the number of patients with a GIST or
GIST-like tumour according to the PALGA data di-
vided by the number of inhabitants in The Netherlands
for 1995 and between 1998 and 2003. The incidence
was standardised for differences in age (five-year clas-
ses) and gender in the Dutch population in time by
using the Dutch population in 2003 as the standard
population.
3. Results

3.1. Incidence of GIST and GIST-like tumours

The total annual incidence of GIST or GIST-like tu-
mours increased from 20.8 per million inhabitants in
1995 to 25.4 per million inhabitants in 2003 (Table 1
and Fig. 1). Simultaneously, the annual incidence of
GIST increased from 2.1 to 12.7 per million inhabitants
whereas the annual incidence of GIST-like tumours,
mostly leiomyomas and leiomyosarcomas, decreased
from 18.7 to 12.7 per million inhabitants.

Data from the abstracts of the pathology reports
showed that in 1995 about 72% of GIST was originally
coded as non-GIST compared to only 1% in 2003 (data
not shown).

3.2. Immunohistochemical properties of GIST and GIST-
like tumours

For 325 out of 411 (79%) patients diagnosed with
GIST in 2003, pathological reports were obtained. In
2003, staining with anti-CD117 was performed for
87% of the GIST and 93% of the tested GIST were
CD117 positive (Table 2). Only 8% of the GIST-like tu-
mours tested for CD117 were reported CD117 positive.
About 74% of GIST were tested for the haematopoietic
progenitor cell antigen CD34 and 83% was CD34
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positive. A minority (40%) of the GIST were tested for
vimentin, and like most mesenchymal tumours, the
majority of the GIST tested (89%) were positive. In case
of GIST-like tumours, 94% of the tested tumours were
vimentin positive. Negative cases were most likely due
to fixation artefacts potentially leading to false negative
results for other markers as well. This percentage of
vimentin negative cases was comparable to those
encountered in the recent multi-institute phase III trials
(manuscript in preparation).

The muscle cell markers desmin, smooth muscle cell
marker (SMA) and the neural cell marker S100 were
negative for most GIST tumours tested.

3.3. Defining risk of aggressive behaviour of GIST

For 124 of 159 patients (78%) sufficient information
on tumour size and mitotic rate was available from the
pathological reports derived from the departments of
pathology to define the risk of aggressive behaviour of
the GIST in 2003 (Table 3). The majority of GIST
had a low mitotic rate (<1 per 10 HPF), whereas only
a low percentage of GIST (8%) had a small tumour size
(<2 cm). The majority (45%) of the GIST were assessed
as being at high-risk for malignant behaviour, followed
by 31% of the GIST being at intermediate-risk.
4. Discussion

The present study shows that the reported annual
incidence of GIST increased from 2.1 per million inhab-
itants in 1995 to 12.7 per million inhabitants in 2003
(206 patients). As a result, the incidence of GIST-like tu-
mours decreased from 18.7 per million inhabitants in
1995 to 12.7 per million inhabitants in 2003. Our results
also showed that almost 45% of GIST were considered
to be at high-risk for malignant behaviour in 2003.

The increased incidence of GIST may be explained by
an improved understanding of the pathobiology of
GIST and the central role of activating Kit mutations
in the pathogenesis of GIST, which led to the recogni-
tion of the new and reliable phenotypic marker CD117
antigen [12–14]. The reported incidence of GIST in-
creased from 1998 onwards, before the general introduc-
tion of CD117 immunostaining on a regular basis in
daily practice in 2001. This may be related to an in-
creased knowledge of the pathohistology of GIST. Tu-
mours coded as GIST-like tumours in the registry
were commonly characterised at the conclusions report
as GIST by the pathologist exemplifying the ongoing de-
bate on the characterisation of GIST. The true incidence
of GIST is probably even slightly higher, including
asymptomatic GIST and small and clinically insignifi-
cant GIST, which were not biopsied or resected at the
time interval studied.



Table 3
Mitotic rate per 10 HPF and tumour size of GIST-like tumours and
GISTs in 2003

Patients GIST

n %

Total 159 100

Mitotic rate

<1 Per 10 HPF 96 60.4
1–2 Per 10 HPF 28 17.6
>2 Per 10 HPF 35 22.0

Size

<2 cm 13 8.2
2–5 cm 43 27.0
5–10 cm 35 22.0
More than 10 cm 25 15.7
Biopta 43 27.0

Risk assessmentb

Very-low-risk 12 9.7
Low-risk 18 14.5
Intermediate-risk 38 30.6
High-risk 56 45.2

a A biopt was taken and information on tumour size was
unavailable.
b Excluding patients with a biopt except biopsies with a mitotic rate

>10/50 HPF which are classified as high-risk independent of tumour
size (N = 124).

Fig. 1. Incidence of GIST and GIST-like tumours per one million residents from 1995 to 2003, using the Dutch population in 2003 as the standard
population.

Table 2
Immunohistochemical properties of GIST and GIST-like tumours in
2003

Patients GIST-like
tumoursa

GISTa

n % n %

Total 166 100 159 100

CD117 staining 76 45.8 138 86.8
Positive 6 3.6 129 81.1
Negative 70 42.2 9 5.7
Unknown 90 54.2 21 13.2

CD34 staining 67 40.4 117 73.6
Positive 10 6.0 97 61.0
Negative 57 34.3 20 12.6
Unknown 99 59.6 42 26.4

Desmin staining 82 49.4 100 62.9
Positive 59 35.5 13 8.2
Negative 23 13.9 87 54.7
Unknown 84 50.6 59 37.1

SMA staining 98 59.0 112 70.4
Positive 78 47.0 34 21.4
Negative 20 12.1 78 49.1
Unknown 68 41.0 47 29.6

S100 staining 69 41.6 101 63.5
Positive 20 12.1 13 8.2
Negative 49 29.5 88 55.4
Unknown 97 58.4 58 36.5

Vimentin staining 49 29.5 64 40.3
Positive 46 27.7 57 35.9
Negative 3 1.8 7 4.4
Unknown 117 70.5 95 59.8

a From 325 of the 411 patients with GIST or GIST-like tumour
pathological reports were obtained from the laboratory.
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Few population-based data on the true incidence of
GIST are available and this report describes the results
of the first nation-wide study on the incidence of GIST
and GIST-like tumours based on pathology registra-
tion. The recent annual incidence of GIST in the Neth-
erlands is in range with the estimated incidence recently
reported for Sweden (14 per million inhabitants) [9]. In
this study, records of patients in a part of Sweden over
the period of 1983–2000 were re-evaluated and 288 of
those patients were diagnosed as having GIST tu-
mours. According to their data, the annual incidence
of GIST did not differ significantly over time. In our
study no re-evaluation took place and the results
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represent data from the entire Dutch population from
1995 to 2003. The increase in the observed incidence
of GIST until 2000 reflects the increased knowledge
on the diagnostic pathology criteria of GIST. After
the introduction of immunohistochemical staining
against CD117, the incidence of GIST seems to be
rather stable.

Our additional analysis in 2003 indicate that more
than 90% of the GIST tested were CD117 positive
which is in correspondence to previously reported per-
centage (85–95%) of GIST that express Kit [4,8]. Our
study also shows that only 4% of the GIST-like tu-
mours were reported CD117 positive. This most prob-
ably reflects the false positive staining rate outside the
setting of reference laboratories. Additional results on
CD34 (93%) positivity and absence for desmin (87%)
show that the characterisation of the GIST has been
well established in the Netherlands and these tests are
commonly used by pathologists as additional informa-
tion to differentiate between GIST and GIST-like
tumours.

The present study shows that about 45% of the GIST
were assessed as being at high-risk for malignant behav-
iour, based on mitotic rate and tumour size [11]. This
was similar to the percentage reported for Sweden [9].
This study showed that the median overall survival
was 14 years or higher for patients with an intermediate
or lower-risk of malignant behaviour, whereas the med-
ian overall survival was only 1.5–3.4 years for patients
with a high-risk for malignant behaviour. The estimated
number of persons at high-risk for malignant behaviour
was about 5–6 persons per million per year in The Neth-
erlands. The true number may be higher, because the
metastatic risk could not be assessed in part of the pa-
tients with a biopsy. Recently the consensus meeting
for the management of GIST was held and its results
published [15]. Information on the metastatic risk of
GIST is important for its clinical management. Clinical
trials showed high response rates (about 45–65% partial
response and 20–30% stable disease) with imatinib in the
advanced and metastatic setting [4–6]. At present, the
role of imitanib in the adjuvant setting is under investi-
gation [4,16].
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