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The report presents 200 cases of gastrointestinal stro-
mal tumors (GIST). The material originated from six di-
agnostic centers in Poland and was reclassified according
to the current criteria. Among lesions other than GISTs,
14 were identified as smooth muscle tumors and seven as
neural tumors. GISTs were located in the stomach
(51-63.3% of the investigated series), small intestine
(27.4-33.8%), colon (approximately 4.5%), abdominal
cavity, i.e. in the peritoneum and omentum (6%), and in
the retroperitoneal space (2.5%). A slight predominance
of women was noted (53-56%). The age of the patients
ranged between 14 and 93 years of life, with the mean age
of 62.4 years. Individuals younger than 45 years of age ac-
counted for 10% of the group. In ten patients (five of them
less than 45 years of life), multiple tumors were detected,
their number ranging from two to less than 20; these indi-
viduals constituted 5% of the entire series. Moderately
and highly aggressive tumors predominated. In the series,
when multiple tumors were excluded, a total of 24
epithelioid GISTs (12%) were observed; of this number,
13 were situated in the stomach, six — in the small intestine,
two — in the abdominal cavity and another two in the
retroperitoneal space. Synchronic tumors observed in pa-
tients with GISTs were seen in seven patients, including an
adenocarcinoma of the colon, two adenocarcinomas of the
stomach, a carcinoid tumor of the small intestine,

a pheochromocytoma of the retroperitoneal space, an
anaplastic lymphoma and a disseminated squamous cell
carcinoma. In immunohistochemical reactions (CD117,
CD34, SMA, S-100, DES), attention was focused on the
immunoreactivity of small GISTs, below 2 cm in size, and
of multiple tumors. Immunohistochemical reactions were
equally differentiated as to their presence and intensity in
small tumors and in highly aggressive lesions above
5-10 cm in size. In multiple GISTs, immunohistochemical
tests strongly indicated the heterogeneity of neoplastic
cells, which, nevertheless, showed no consistent associa-
tion with the location of the tumor, its aggressiveness, cel-
lular structure or a tendency to form multiple foci.

Introduction

Gastrointestinal stromal tumors (GISTs), as well as tu-
mors that develop outside the gastrointestinal tract, in the
greater omentum, intestinal mesentery, gallbladder, retro-
peritoneal space or the urinary bladder [18, 29, 35, 44, 46,
53, 55], represent mesenchymal spindle cell and/or epithe-
lioid cell neoplasms with a fairly specific immunohistoche-
mical profile, characterized by a positive reaction to the
CD117 antigen, frequent positive reaction to CD34, diversi-
fied reaction to smooth muscle actin (SMA), a reaction to
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desmin which is positive only in isolated cells, and a reac-
tion to the S-100 protein that is either negative or expressed
in no more than 10% of cells.

The histogenesis of stromal tumors is not fully eluci-
dated, especially when one includes tumors situated outside
the gastrointestinal tract. These tumors are believed to arise
from the multipotential CD34+ cell, a precursor cell of the
GI tract that is capable of varying degrees of differentiation
into the interstitial Cajal cells (ICC) and smooth muscle
cells, creating forms with an intermediate phenotype.

A positive reaction to CD117 results from the expression
of a transmembrane receptor with the tyrosine kinase activity,
which is encoded by the KITC gene on the 4q12 chromosome
that — under normal conditions — binds a ligand, i.e. the stem
cell factor (SCF). In the majority of GISTs (between 57 and
85%), a continuous activation of KIT is associated with a mu-
tation in the KITC gene, while the remaining tumors do not
manifest this mutation [21, 51]. Familial multiple GISTs result
either from a point mutation in the K/7C gene in the germ cell
lines or a mutation in the platelet-derived growth factor recep-
tor A gene (PDGFRA) [9, 34].

A positive reaction to CD117 is seen in various types
of normal cells, including the interstitial Cajal cells of the
gastrointestinal tract, submesothelial spindle cells of the
greater omentum (ICC-like cells) [53, 58], bone marrow
stem cells, mast cells and epidermal basal layer cells, me-
lanocytes, as well as the epithelium of the mammary ducts
and sweat glands. Pathological cells, including numerous
neoplastic cells, also demonstrate a positive reaction to
CDI117. These are reactive myofibroblasts, as well as neo-
plastic cells in chronic myeloid leukemia, melanoma, clear
cell sarcoma, germ cell tumors (seminoma/dysgerminoma)
and angiosarcoma [61]. In addition, a focal and usually cy-
toplasmic reaction was observed in such tumors as synovial
sarcoma, leiomyosarcoma, malignant schwannoma, liposar-
coma, dermatofibrosarcoma protuberans, atypical fibroxan-
thoma, malignant fibrohistiocytoma, Kaposi sarcoma and
adenoid cystic carcinoma [51, 52], as well as in childhood
tumors: neuroblastoma, nephroblastoma, Ewing sarcoma
and osteosarcoma [58].

In GISTs, the positive reaction to CD117 is observed
in membrane and/or cytoplasm and — although it is usually
present in the majority of tumor cells — it may be absent in
some, infrequent cases, also when they show negative reac-
tions to the remaining antibodies [32, 51, 55, 57].

Material and Methods

From the material provided by the Chair of Pathomor-
phology, Collegium Medicum, Jagiellonian University, Kra-
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kow, 162 gastrointestinal mesenchymal tumors were selected,
including 79 cases collected in the years 1982—1999 and iden-
tified through reclassification. The surgical specimens forma-
lin-fixed, routinely processed and paraffin-embedded were
stained with hematoxylin and eosin and immunohistoche-
mically using a DAKO Immunostainer (DAKO, Denmark)
and the following antibodies: CD117 (c-kit) (DAKO A 4502,
1:25), CD34 (DAKO M 7165, 1:25), S-100 (DAKO Z 0311,
1:200), SMA (DAKO M 0851, 1:50) and DES (DAKO M
0760, 1:50). The controls, mostly internal, were reaction re-
sults obtained in the normal tissues of the GI tract.

In addition, in an attempt to collect as many data on
GISTs in the Polish population as possible, the authors re-
ceived considerable assistance from other diagnostic centers
in the country, such as the Department of Clinical Patho-
morphology, Medical University in Poznan; Department of
Pathomorphology, Pomeranian Medical University in
Szczecin; Department of Clinical Pathomorphology, Medi-
cal University in Lublin; Department of Tumor Pathology,
Swigtokrzyski Oncology Center, as well as Division of
Pathomorphology, First Chair of General Surgery, Colle-
gium Medicum, Jagiellonian University. The provided ma-
terial was collected in the years 1999-2003 and was largely
preselected, representing GISTs diagnosed in the above
centers or tumors suspected of being GISTs. Since the spec-
imens were sent to Krakéw for consultations (as slides
stained with hematoxylin and eosin and/or paraffin-em-
bedded specimens or non-stained preparations only), le-
sions other than GISTs had been eliminated. These were
predominantly leiomyomas, schwannomas, melanomas and
a single case of dendritic cell sarcoma, which were not in-
cluded into the presented material.

Results and Discussion

1. Material originating from the Chair of Pathomorpho-
logy, Collegium Medicum, Jagiellonian University, Krakow

The re-evaluated tumors from the period of 1982—-1999
had been primarily diagnosed as smooth muscle tumors (leio-
myoma, leiomyoblastoma, leiomyosarcoma) or neural tumors
(schwannoma, neurinoma).

1. Mesenchymal tumors other than GISTs

The diagnosis of a smooth muscle tumor (DES+, SMA+,
CD117-, CD34-) was confirmed in 14 cases:
1) Esophageal tumors:
— 5leiomyomas (4 males aged 35-48 years and 1 female
aged 55 years; tumor diameter of 3—8 cm),
— 1 leiomyosarcoma (a 44-year old female; tumor dia-
meter of 10 cm).
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2) Gastric tumors:

— 2 leiomyomas (a 74-year old male, tumor diameter of
1 cm, and a 76-year old female, with two adjacent tu-
mors, 1 cm in diameter).

3) Intestinal tumors:

— 1 leiomyoma, 14 cm in diameter (a 67-year old fe-
male),

— 1 leiomyosarcoma, 6 cm in diameter (a 70-year old
male).

4) Colonic tumors:

— 2 leiomyomas (a 69-year old male; tumor diameter of
0.7 cm; a 67-year old male, no data available on the tu-
mor size),

— 2 leiomyosarcomas (a 62-year old male, tumor diame-
ter of 22 cm, and a 65-year old female, tumor diameter
of 6.5 cm).

Neural tumors (S-100+, SMA-, DES-, CD117-, CD34-):
1) Tumors of the stomach (5 patients):

— 4 females aged 39-78 years manifested schwannoma
type tumors (4.5 and 7 cm in diameter, no data avail-
able in two cases),

— diffuse lesions in a 60-year old male — ganglioneuro-
matosis.

2) Tumors of the small intestine:

— 1 tumor with the diameter of 3 cm, corresponding to

malignant schwannoma (a 75-year old female).
3) Tumors involving the colon (2 patients):

— 1 schwannoma (a 60-year old female; tumor diameter
up to 6 cm),

— 1 neurofibroma (a 70-year old male; tumor diameter
of 1 cm).

Basic data are presented in the Table 1.

In addition, the investigated series included two in-
flammatory polyps of the stomach, one calcifying fibrous
pseudotumor and two cases of tumoriform, fibromatous in-
flammatory granulation tissue (in the greater omentum and
Meckel’s diverticulum).

In two tumors previously identified as an epithelioid
leiomyosarcoma and a malignant stromal tumor, the diagno-
sis was changed respectively to a non-Hodgkin lymphoma
(the case occurred in the pre-immunohistochemistry time)
and a malignant melanoma (CD117+).

One tumor of the stomach, 6 cm in diameter (an
82-year old female), originally identified as a leiomyo-
sarcoma, ultimately escaped classification (negative reac-
tions to the S-100 protein, SMA, DES, CD117, CD34, Leu,
EMA, HMB-45); therefore, the diagnosis of a non-specified
sarcoma was maintained.

In total, smooth muscle tumors accounted for 18.5%
of cases in the investigated series. Six such tumors were sit-
uated in the esophagus; not a single case of GIST was found
among them.

Leiomyomas are the most common mesenchymal tu-
mors of the esophagus: they account for 8% of all tumors in-
volving this part of the GI tract, up to 2/3 of mesenchymal
tumors and more than one half of benign lesions [27, 28, 40,
62]. Only in this segment of the gastrointestinal tract do they
predominate over both stromal and neural tumors.

Neural tumors are rarely seen in the gastrointestinal tract.
In the investigated material, they constituted 4.9% of all cases,
with five such tumors involving the stomach. The literature on
the subject usually describes isolated cases, with only few
larger series being reported infrequently [11, 54, 62]. Such tu-
mors are mainly seen in adults, are more common in females
and are predominantly situated in the stomach. They are en-
countered in the esophagus only sporadically [27, 49]. At
times, they are concurrent with von Recklinghausen disease
[10, 16, 60]. It should be mentioned that type 1 neurofib-
romatosis is also associated with multiple GISTs, especially
involving the small intestine [6, 24, 36].

The remaining 79 tumors, combined with 53 cases origi-
nating from the period of 1999-2004, constitute a group of
132 gastrointestinal stromal tumors, i.e. 81% of the original
series.

TABLE 1
Leiomyoma Lszir(():r::;;- Schwannoma scl;l/lvilafrrllgrr;ta Neurofibroma Ganr;g:t(())r;?:ro- Total

Esophagus 5 1 - - - - 6
Stomach 2 - 4 - 1 7
Small intestine 1 1 - 1 - . 3
Colon 2 2 1 - 1 - 6
Age 35-76 44-70 39-78 75 70 60

Gender TM/3F 2M/2F S5F 1F IM IM

Diameter 0.7-14 cm 6-22 cm 4-7 cm 3cm 1 cm diffuse
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2. Sixty-eight GISTs originating from the materials
supplied by the above-mentioned Departments of Patho-
morphology were included into the analysis.

II. GISTs — location within the gastrointestinal tract

1. Material supplied by the Chair of Pathomorphology,
Collegium Medicum, Jagiellonian University, Krakow

In 83 patients (63.3%), GISTs were located in the stom-
ach. The group included 33 males (mean age — 62 years) and
51 females (mean age — 63 years ). The tumors predominantly
involved the gastric body and the cardia. Their size ranged
from 0.5 to 22 c¢m; including 62 cases with tumors of 3 and
more centimeters in diameter. Six patients presented with
multiple tumors. Macroscopically isolated lesions of more
than 1 cm in size had a dome-like form and were covered with
slightly smoothened mucosa, at times showing ulceration at
the top. In the majority of cases, a round tumor would extend
intramurally, more rarely it was hour-glass shaped and formed
a bulge under the serosa, was well delineated, its section
showed a zonular and lobular (polycyclic) structure and its
color in fragments situated beyond the foci of hemorrhage and
necrosis in larger lesions was cream-pink. Small tumors with
the diameter of 0.5-0.7 cm, if they developed within the
muscularis propria, were usually accidentally found on au-
topsy or in stomach specimens resected for other reasons.
More superficially situated lesions were shaped as round pol-
yps with a broad base.

Macroscopically, intestinal tumors were similar. Ul-
cerations were seen in large lesions, but no typical central
crater was noted. Thirty-six stromal tumors (27.4%) were
situated in the small intestine, including 20 in male patients
(at the mean age of 62 years — in two cases no data were
available) and 16 in females (mean age, 60.3 years).
Twenty-one tumors were 3 cm or more in diameter (no data
were available in six cases). In four patients, multiple le-
sions were detected; of this number, it was a local disse-
mination in two cases.

In six individuals (4.5%), the tumor was situated in the
colon; this group included four males (mean age, 54 years)
and two females (mean age, 79.5 years). The size of these
tumors ranged from 1 to12 cm, with five being 3 cm or more
in diameter.

In the remaining six patients, the tumors were situated
in the peritoneum (two cases, including one most likely rep-
resenting a disseminated disease originating from an un-
identified primary site), retroperitoneal space (two cases),
while in the other two patients, the clinical information on
the location of the tumor was limited to a statement ,,in the
abdominal cavity”.

2. Material originating from the Departments of Patho-
morphology, Medical University in Poznan, Pomeranian Me-
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dical University in Szczecin, Medical University in Lublin,
Department of Tumor Pathology, Swietokrzyski Oncology
Center, and Division of Pathomorphology, First Chair of Ge-
neral Surgery, Collegium Medicum, Jagiellonian University

Out of 68 stromal tumors, 35 were situated in the
stomach (51%), including 19 in males (mean age, 64 years)
and 16 in females (mean age, 64.4 years). Twenty-three
GISTs were detected in the small intestine (33.8%) — eight
in men (mean age, 58.1 years) and 15 in women (mean age,
48.5 years). Three GISTs developed in the colon: two in
males with the mean age of 57.5 years and one in a 56-year
old female. The remaining seven tumors were situated in the
retroperitoneal space and within “the abdominal cavity”
(10% of the series); the tumors were seen in six females
(mean age, 59.9 years) and in a 66-year old male.

GISTs constitute the majority of the investigated gas-
trointestinal mesenchymal tumors and — with the exception
of the esophagus — are predominant in particular segments
of the GI tract. They are the most commonly seen in the
stomach, accounting for 48 to 84% of gastric mesenchymal
tumors (up to 2/3 of the total number, on the average) [17,
20, 64, 66]. The second most often involved organ is the
small intestine, followed by the anorectum, colon and eso-
phagus [17, 30, 36, 66].

In this respect, the present results (51-63% of GISTs
situated in the stomach and 27-33% in the small intestine)
are well within the mean reported percentage.

II1. GISTs — age and gender of the patients

1. Material originating from the Chair of Pathomor-
phology, Collegium Medicum, Jagiellonian University

The entire group of patients showed a slight predomi-
nance of females: 70 (i.e. 53.4%) women aged 14-97 years
and 61 men (46.5%) at the age range of 26-93 years.

The mean age of both male and female patients with
GISTs situated in the stomach and small intestine was simi-
lar — slightly above 60 years of age, but 16 out of 132 indi-
viduals (12.1%) were below 45 years of life. The group of
younger patients included 11 women (ten cases involving
the stomach and one — the small intestine) and five men
(four tumors of the stomach and one involving the small in-
testine), as well as five of eight cases of multiple tumors
(four involving the stomach and one — the small intestine).

2. Material provided by the Departments of Pathomor-
phology, Medical University in Poznan, Pomeranian Medical
University in Szczecin, Medical University in Lublin, Depart-
ment of Tumor Pathology, Swietokrzyski Oncology Center,
and Division of Pathomorphology, First Chair of General
Surgery, Collegium Medicum, Jagiellonian University

The patients included 38 women (56%) aged 37-90
years (mean age, 57.1 years) and 30 men (44%) in the age
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range of 28 to 82 years (mean age, 61.4 years). Six individu-
als — four males and two females — were below 45 years of
life (8.8%); this group included three patients with tumors
of the stomach, two — with GISTs situated in the small intes-
tine and one — in the retroperitoneal space. Two patients had
multiple lesions; in both cases the lesions involved the small
intestine and the patients were above 45 years of life.

On diagnosis, the majority of GIST patients are in
their 6th or 7th decade of life [7, 20, 31, 55, 59, 66]. Never-
theless, not a single age group is risk-free: GISTs are diag-
nosed in children and a case of a congenital GIST was
described [32, 65]. In general, males fall to the disease more
frequently [20, 41, 59, 66]. And thus, although the mean age
of patients from our series does not differ from the antici-
pated value, yet 12% of them were below 45 years of life. In
this subgroup, as well as among the entire series of patients,
women predominated.

1V. Assessment of tumor malignant potential

To date, no uniform criteria have been established that
would describe the risk of an unfavorable course of GIST,
apart from such obvious clinical properties as local recur-
rent disease, infiltration of adjacent organs or metastases.
Nevertheless, among prognostic factors, the size of a tumor
and the number of mitoses generally occupy the leading po-
sition. While assessing the possible development of the tu-
mors, the authors used the scale proposed by Fletcher [14],
according to which the boundary values separating low and
medium degrees of aggressiveness are as follows: tumor di-
ameter of 5 cm and the number of mitotic figures up to
5/50 HPF.

Table 2 presents the number of tumors with the pre-
dicted degree of aggressiveness situated in particular seg-
ments of the GI tract (the numbers are given as aggregates
for both series).

Thus, when 25 cases with the assessment hindered by
lack of clinical information had been excluded, the investi-
gated GISTs were found to show a preponderance of moder-
ately and highly aggressive tumors, accounting for 53% of

the total group. Moderately aggressive GISTs with meta-
static potential are as a matter of fact unpredictable tumors.
In a patient of ours with a tumor 6 cm in diameter
metastasizing into the liver, the number of mitoses in the pri-
mary lesion was 1/50 HPF. Such a situation has been com-
monly observed. The very histological assessment of tumor
aggressiveness in multiple lesions also poses a problem, ex-
emplified by the histology of familial GISTs described by
Maeyama as spindle cell tumors, showing no mitotic activ-
ity, and yet of a fatal course [34].

Patients with tumors showing high histological ag-
gressiveness constituted up to 1/3 of all individuals in the in-
vestigated series; the result is comparable to or lower than
values reported by other authors [26, 64]. Wang [64] di-
vided 76 GISTs originating from Chinese patients into 38
benign and 35 malignant tumors [46%]. Wang based his
classification on unquestionable criteria: recurrent disease,
metastases or infiltration, and thus the number of cases with
a clinically malignant course might have been higher. The
likelihood of an unfavorable course of GIST is higher when
the tumor is situated in the small intestine, where GISTs ac-
count for more than 13% of malignancies [7, 13, 14]. In our
series, moderately and highly aggressive tumors accounted
for more than 55% of the small intestine lesions and less
than 50% of the gastric tumors. GIST metastases are found
in approximately 47% of cases, being predominantly seen in
the liver and peritoneum, more rarely in the lungs and bones
and only infrequently in the lymph nodes [7, 12, 38, 59].
One should also bear in mind atypical location of meta-
stases, such as the breast, skin or cavernous sinus [2, 23, 56].
Five-year survival rate in GISTs is approximately 54% [12].

V. Epithelioid cell and spindle cell tumors

In both series (excluding multiple lesions), 24 epi-
thelioid GISTs (12%) were noted. This group indeed in-
cluded more aggressive tumors (a total of 12 cases), but the
authors also found six lesions belonging to the low and very
low aggressiveness category and originating from the stom-
ach and the small intestine. Thirteen epithelioid cell GISTs

TABLE 2
ag;:f:iefez;s Stomach (119) Small intestine (59) Colon (9) Other (13) Total (200)
Very low 17 3 1 - 21
Low 36 1 - 1 48
Moderate 30 11 1 3 45
High 24 2 7 8 61
Difficult to assess * 12 12 - 1 25

*No data available on the tumor size
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Fig. 1. A typical spindle cell GIST. Broad, interwinding bands of cells characterized by low degree of polymorphism, with quite abundant, eosinophilic cy-
toplasm resembling a leiomyoma. HE.

Fig. 2. An epithelioid cell GIST. The empty spaces in the cytoplasm, constitute a fairly common artifact and may at times suggest a carcinoma. HE.

Fig. 3. Positive cytoplasmic and membranous immunohistochemical reaction to CD117 in numerous GIST cells.

Fig. 4. Positive cytoplasmic CD117 dot-like staining in GIST cells (so-called Golgi-zone pattern).

Fig. 5. Positive immunohistochemical reaction to CD34 in an epithelioid tumor visible as a relatively rare membranous staining pattern.

Fig. 6. A whorl-like pattern in a spindle cell tumor, emphasized by peripherally arranged SMA-positive cells, most likely originating from small vessel walls.
Fig. 7. Positive cytoplasmic reaction to CD117 in scattered, spindle and highly elongated GIST cells.

Fig. 8. Positive immunohistochemical reaction to CD34 seen solely in numerous, small vessels within the tumor. This GIST is CD34-negative.

Fig. 9. Positive immunohistochemical reaction to S-100 protein in a small number of GIST cells, including several pleomorphic cells.

Fig. 10. Contrasted, strongly CD34-positive and CD34-negative GIST regions.

Fig. 11. A multifocal GIST — one of several tumors was a conglomerate, the structure of which was emphasized by bands of smooth muscles (SMA+).
Fig. 12. A multinodular GIST. Within the satellite tumor — a small neoplastic focus separated from the main tumor mass — the immunohistochemical reaction
to CD34 is more intensive (see the right side of the photograph).

Figs. 13 and 14. The same groups of GIST cells in perivascular spaces on the periphery of multiple tumors — CD34-negative (Fig. 13) and CD117-positive
(Fig. 14).
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were situated in the stomach, six — in the small intestine, two
— in the abdominal cavity, and another two — in the retro-
peritoneal space.

VI. GISTs and synchronous tumors

Material provided by the Chair of Pathomorphology,

Collegium Medicum, Jagiellonian University

In seven patients, other cancers developed concur-
rently with GISTs; in some cases the former dominated over
the clinical picture:

— ina 74-old male, a GIST situated in the stomach, measur-
ing 17 cm in diameter and disseminated within the ab-
dominal cavity occurred concomitantly with a colonic
adenocarcinoma (B2);

— a 57-year old male patient with a gastric GIST, 18 cm in
diameter, presented with a disseminated squamous cell
carcinoma;

— a 53-year old male was diagnosed with a colonic GIST,
12 cm in diameter, and a concomitant carcinoid tumor sit-
uated in the small intestine,

— a 38-year old male with multiple tumors of the small in-
testine, up to 2.5 cm in size, also showed a pheochro-
mocytoma in the retroperitoneal space,

— two patients with small stromal tumors (M/61, two
GISTs, 0.5 cm each, and another M/69, one GIST, 2 cmin
diameter), also had adenocarcinomas of the stomach — in
one of them, it was an early carcinoma,

— ina55-year old female patient deceased due to anaplastic
lymphoma, the gastric GIST measured 0.5 cm.

It appears that the group of GIST patients that were addi-
tionally (or predominantly) burdened with another tumor was
fortunately small. Apart from individuals with von Reckling-
hausen disease, only a single case of a synchronous mesen-
chymal tumor situated at the same site was reported; this was a
lipoma of the stomach [3]. In addition, patients with GISTs
were also diagnosed with concomitant Burkitt’s lymphoma,
osteosarcoma, melanoma, neuroblastoma, primary kidney tu-
mor, Carney’s triad, MEN I syndrome, colonic adenocar-
cinomas and gastric adenocarcinomas, including a one case of
collision tumors [4, 5, 8, 15, 25, 33, 43, 45, 48, 63].

VII. Multiple GISTs

Material originating from the Chair of Pathomorpho-
logy, Collegium Medicum, Jagiellonian University

Eight patients presented with two or more concurrent tu-
mors situated intramurally within the same organ. The group
included four males and four females in the age range of
14-66 years (five patients were below 45 years of life). The
size of the lesions oscillated between 0.5 and 4.5 ¢cm, and the
number of tumors ranged from two to almost twenty. The
stomach was involved in six cases, and the small intestine — in
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two. In addition, two patients were diagnosed with synchro-
nous tumors: an early stage cancer of the gastric body and
cardia in a 61-year old man (two GISTs, 0.5 cm in diameter, in
the stomach) and a pheochromocytoma of the adrenal gland in
a male patient aged 38 years of life (two GISTs, 2.5 cm in di-
ameter, situated in the small intestine).

Some lesions that macroscopically seemed to be a unity
were in fact conglomerates of smaller and larger tumors sepa-
rated by bands of normal smooth muscles (Fig. 11). This type
of multifocal proliferation was clearly seen in two patients
(a 14-year old and a 20-year old females) with an extensive in-
volvement of the stomach, but it was also present in the case of
two other, partially hyalinized tumors of the small intestine,
where separate small, microscopic foci were seen in the im-
mediate vicinity (Fig. 12).

With respect to their cellular structure, particular tumors
observed in a single patient were usually similar, although one
of the spindle cell conglomerates also contained a single
epithelioid tumor. Mitotic activity in bifocal lesions was com-
parable, while in multifocal lesions it ranged from 0—1 mitotic
figure/50 HPF in small tumors to 11 mitoses/S0 HPF in larger
ones. Thus, this group of lesions included GISTs with a pre-
dicted course ranging from benign to malignant (histological
assessment).

Multiple GISTs are mostly described as a familial
autosomal dominant disease with mutations involving the
c-kit or PDGFRA genes [9, 34, 50]. In some of these pa-
tients, c-kit is also activated in the mast cells and skin
melanocytes (what is clinically manifested as urticaria
pigmentosa and hyperpigmentation); these individuals
also present with dysphagia, not associated with typical
achalasia [22]. Multiple GISTs more often develop in the
small intestine than in the stomach, also when the patient
has concomitant von Recklinghausen disease [6, 19, 24,
34, 36, 47]. According to clinical data, the above men-
tioned eight patients showed no skin lesions; no informa-
tion was either provided that would indicate familial
disease. In one patient with a synchronous pheochro-
mocytoma, tests aiming at a possible diagnosis of Car-
ney’s triad had been suggested. Our data are incomplete
and at times, Carney’s triad becomes apparent after many
years, yet one may suspect that multiple GISTs may also
appear sporadically. Any predictions as to the course of
the disease become problematic when we deal with small
and theoretically benign tumors that have been surgically
removed in a salvaging procedure, providing we assume
that the entire organ (gastrointestinal tract?) is susceptible
to GIST development. In addition, as it can be exemplified
by one small GIST of the small intestine from our series,
a tendency towards forming multiple lesions may escape
detection. Only after numerous sections had been pre-
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pared — the fact being related to technical rather than diag-
nostic issues — did the second, microscopic in size, but
clearly delineated tumor become visible.

VIII. Immunoreactivity, including multiple GISTs and
small GISTs

Material provided by the Chair of Pathomorphology,
Collegium Medicum, Jagiellonian University

For a long time now, diversified expression of CD34,
SMA and KIT (CD117) with respect to reaction intensity
and the number of positive cells, also within a single tumor,
has been emphasized. In the group of highly aggressive
GISTs one expects to find tumors markedly diversified in
the above respects. Positive reactions to CD34 were noted in
58% to 80% of all GISTs, while in the case of CD117, only a
few tumors tested negative. There were also cases when —
within a single section — CD34-negative and CD117-posi-
tive zones were observed (Figs. 13 and 14). The descrip-
tions also included tumors - although they were singular
only — classified as CD117-positive GISTs, which showed
a positive reaction to desmin. CD34 was more frequently
seen in GISTs of the colon and the esophagus, while SMA
positivity was more common in small intestine tumors [1,
31,37, 42, 57, 66].

In our series, among 124 single GISTs, three tumors
were CD117-negative, including one that tested negatively
in all the employed reactions, while two lesions were
CD34-positive. Positive reactions to CD34 were present in
97 (78%) cases, while concomitant positivity to CD34 and
CD117 was seen in 94 lesions. Seventeen tumors were only
CD117-positive. A strong reaction to SMA in more than
80% of tumor cells was observed in 19 lesions situated in
the stomach and 11 involving the small intestine. The pres-
ent series did not include any GISTs of the esophagus and
only a small number of tumors located in the small intestine.
One of the below described tumors was desmin-positive.

In several highly aggressive GISTs, a weak reaction
to CD117 and CD34 was noted only in single fields within
the lesion. We assumed that single, small and benign tu-
mors would be uniform in character; this, however, was
not the case.

In the investigated series, 23 tumors were identified,
which were characterized by a diameter below 2 cm (between
0.5 and 2 cm) and constituted singular, spindle cell lesions al-
most identical in HE, without mitotic activity. However, im-
munohistochemistry demonstrated their high versatility, from
a 0.7-cm in diameter GIST that was CD34-positive only in
10% of the cells, to a 2-cm GIST with a positive reaction to
CD117,CD34 and SMA in 100% of the cells; both the tumors
were situated in the stomach. In another small lesion, zones
highly CD34-positive were strongly contrasted with negative

zones (Fig. 10), while the differences associated with CD117

were slightly less pronounced.

Further investigations of this versatility can be best
done in multiple tumors, and especially in tumor conglom-
erates.

Multifocal lesions showed marked differences in their
immunoreactivity, which resulted from the heterogeneous
character of neoplastic cells:

— in a 42-year old male, one tumor of the stomach showed
a positive reaction to CD117 in all the cells, while the sec-
ond — only in 10%, while both lesions were CD34-posi-
tive in 50% of their cells;

— ina l4-year old and a 20-year old female patients, the in-
tensity of CD117 reaction was similar in all the lesions,
but positive CD34 reaction ranged from 0 to 100% of the
cells;

— in another patient (a 57-year old male), two tumors dif-
fered with respect to four reactions: CD117 — 50% posi-
tive/5% positive; CD34 — 90% positive/negative; SMA —
negative/5% positive; S-100 — 10% positive/negative,
while DES — 50% positive/50% positive.

In all the above four patients, the lesions were classi-
fied as moderately to highly aggressive.

Clearly stronger reactions to CD34 and CD117 were
seen in tumor cell bands that infiltrated the surrounding tis-
sues and in small tumor foci developing in the vicinity of the
primary mass.

Based on the above data and the results reported in the lit-
erature, one may say that in diagnostic management of tumors
in particular patients, the sole significance of immunohisto-
chemical reaction versatility lies in the fact that it may hinder
a firm diagnosis, especially in endoscopic sections and thick-
needle biopsies. However, it shows no stable association with
tumor location, aggressiveness, cellular structure or tendency
to form multifocal lesions. Doubtlessly, such important issues
as the recruitment of patients for Glivec therapy, assessment
of tumor resistance to treatment, detection of familial cases
and concurrent neoplastic syndromes, all require genetic stud-
ies. This only emphasizes the significance of an early and ac-
curate GIST detection in routine diagnostic management.

Conclusions

1. Investigations of GIST cell immunoreactivity are neces-
sary in differential diagnostics of these lesions. This pos-
tulate has been confirmed by the present results.

2. Co-expression of SMA and CD117, demonstrated in our
material — in some cases in more than 80% of cells, con-
firms the fact of GIST developing from precursor cells
differentiating to Cajal cells.
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3.

The introduction of a multicenter register has facilitated
differential diagnosis of GISTs and allowed for an im-
proved assessment of difficult and rare cases. This can
expand to a nation-wide register.

References

60

. Adani GL, Marcello D, Sanna A, Mazzetti J, Anania G, Donini A: Gas-

trointestinal stromal tumors: evaluation of biological and clinical cur-
rent opinions. Chirurgia Italiana 2002, 54, 127-131.

. Akiyama K, Numaga J, Kagaya F, Takazawa Y, Suzuki S, Koseki N,

Kato S, Kaburaki T, Kawashima H: Case of optic nerve involvement in
metastasis of a gastrointestinal stromal tumor. Jpn J Ophthalmol 2004,
48, 166—168(abs).

. Al-Brahim N, Radhi J, Gately J: Synchronous epithelioid stromal tu-

mor and lipoma in the stomach. Can J Gastroenterol 2003, 17,
374-375.

. Antonini C, FrogiariniO, Chiara A, Briani G, Belmonte P, Zucco-

nelli R, Fiacavento G, Sacchi G: Stromal tumor of the ileum (GIST) at
the same time as a renal carcinoma. Description of a case and review of
the literature. Pathologica 1998, 90, 160—164.

. Au WY, Wong WM, Khoo US, Liang R: Challenging and unusual cases:

Case 2. Concurrent gastrointestinal stromal tumor and Burkitt’s lym-
phoma. J Clin Oncol 2003, 21, 1417-1418.

. Boldorini R, Tosoni A, Leutner M, Ribaldone R, Surico N, Comello E,

Min KW: Multiple small intestinal stromal tumors in a patient with pre-
viously unrecognised neurofibromatosis type I: immunohistochemical
and ultrastructural evaluation. Pathology 2001, 33, 390-395.

. Burkill GJ, Badran M, Al-Muderis O, Meirion Thomas J, Judson IR,

Fisher C, Moskovic EC: Malignant gastrointestinal stromal tumor: dis-
tribution, imaging features, and pattern of metastatic spread. Radiol-
ogy 2003, 226, 527-532.

. Cai N, Morgenstern N, Wasserman P: A case of omental gastrointesti-

nal stromal tumor and association with history of melanoma. Diagn
Cytopathol 2003, 28, 342-344.

. Chompret A, Kannengiesser C, Barrois M, Terrier P, Dahan P,

Tursz T, Lenoir GM, Bressac-De Paillerets B: PDGFRA germline mu-
tation in a family with multiple cases of gastrointestinal stromal tumor.
Gastroenterology 2004, 126, 318-321.

. Croker JR, Greenstein RJ: Malignant schwannoma of the stomach in a

patient with von Recklinghausen’s disease. Histopathology 1979, 3,
79-85.

. Daimaru Y, Kido H, Hashimoto H, Enjoji M: Benign schwannoma of

the gastrointestinal tract: a clinicopathologic and immunohistoche-
mical study. Hum Pathol 1988, 19, 257-264.

. DeMatteo RP, Lewis JJ, Leung D, Mudan SS, Woodruff JM, Bren-

nan MF: Two hundred gastrointestinal stromal tumors: recurrence pat-
terns and prognostic factors for survival. Ann Surg 2000, 231, 51-58.

. Demetri GD, von Mehren M, Blanke ChD et al: Efficacy and safety of

imatinib mesylate in advanced gastrointestinal stromal tumors. N Eng
J Med 2002, 347, 472-480.

. Fletcher C, Berman JJ, Corless C, Gorstein F, Lasota J, Longley BJ,

Miettinen M, O’Leary TJ, Remotti H, Rubin BP, Shmookler B, Sobin
LH, Weiss SW: Diagnosis of gastrointestinal stromal tumors: a consen-
sus approach. Hum Pathol 20002, 33, 459-465.

. Gallegos-Castorena S, Martines-Avalos A, Francisco Ortiz de la OE,

Sadowinsky-Pine S, Lezama del Valle P, Guerrero-Avendano G: Gas-
trointestinal stromal tumor in a patient surviving osteosarcoma. Med
Pediatric Oncol 2003, 40, 338-339.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28

29.

30.

31

32.

33.

34.

Gennatas CS, Exarhakos G, Kondi-Pafiti A, Kannas D, Athanassas G,
Politi HD: Malignant schwannoma of the stomach in a patient with
neurofibromatosis. Eur J Surg Oncol 1988, 14, 261-264.

Goldblum JR: Gastrointestinal stromal tumors. A review of character-
istics morphologic, immunohistochemical, and molecular genetic fea-
tures. Am J Clin Pathol 2002, 117(suppl), S49-S61.

Gorospe L, Simon MJ, Lima F, Esteban I, Madrid C, Hitos E: Primary
mesenteric tumor with phenotypical features of gastrointestinal
stromal tumors. Eur Radiol 2002, 12(suppl), S82—-S85.

Handra-Luca A, Flejou JF, Molas G, Sauvanet A, Belghiti J, Degott C,
Terris B: Familial multiple gastrointestinal stromal tumors with asso-
ciated abnormalities of the myenteric plexus layer and skenoid fibres.
Histopathology 2001, 39, 359-363.

Hasegawa T, Matsuno Y, Shimoda T, Hirohashi S: Gastrointestinal
stromal tumor: consistent CD117 immunostaining for diagnosis, and
prognostic classification based on tumor size and MIB-1 grade. Hum
Pathol 2002, 33, 669-676.

Heinrich MC, Rubin BP, Longley BJ, Fletcher JA: Biology and genetic
aspects of gastrointestinal stromal tumors: KIT activation and
cytogenetic alterations. Hum Pathol 2002, 33, 484-495.

Hirota S, Nishida T, Isozaki K, Taniguchi M, Nishikawa K, Ohashi A,
Takabayashi A, Obayashi T, Okuno T, Kinoshita K, Chen H,
Shinomura Y, Kitamura Y: Familial gastrointestinal stromal tumors as-
sociated with dysphagia and novel type germline mutation of KIT
gene. Gastroenterology 2002, 122, 1493-1499.

Igwilo OC, Byrne MP, Nguyen KD, Atkinson J: Malignant gastric
stromal tumor: unusual metastatic patterns. South Med. J 2003, 96,
512-515.

Ishida T, Wada I, Horiuchi H, Oka T, Machinami R: Multiple small in-
testinal stromal tumors with skenoid fibres in association with
neurofibromatosis 1 (von Recklinghausen’s disease). Pathol Int 1996,
46, 689-695.

Johnston DL, Olson JM, Benjamin DR: Gastrointestinal stromal tumor
in a patient with previous neuroblastoma. J Pediatric Hematol Oncol
2001, 23, 255-256.

Kindblom LG: Epidemiology of GIST. A conference on GIST, Lon-
don, UK, September 2002.

Klaase JM, Hulscher JBF, Offerhaus JA, ten Kate JW, Obertrop H,
van Lanschot JJB: Surgery for unusual histopathologic variants of
esophageal neoplasms: a report of 23 cases with emphasis on
histopathologic characteristics. Ann Surg Oncol 2003, 10, 261-267.
Lam KY: Oesophageal mesenchymal tumours: clinicopathological fea-
tures and absence of Epstein-Barr virus. J Clin Pathol 1999, 52,
758-760.

Lasota J, Carlson JA, Miettinen M: Spindle cell tumor of urinary blad-
der serosa with phenotypic and genotypic features of gastrointestinal
stromal tumor. Arch Pathol Lab Med 2000, 124, 894-897.

Lau S, Lui CY, Yeung YP, Lam HS, Mak KL: Gastrointestinal stromal
tumor of rectum: a report of 2 cases. ] Com Assisted Tomography
2003, 27, 609-615.

Lee JR, Joshi V, Griffin JW Jr., Lasota J, Miettinen M: Gastrointestinal
autonomic nerve tumor: immunohistochemical and molecular identity
with gastrointestinal stromal tumor. Am J Surg Pathol 2001, 25,
979-987.

Li P, Wei J, West AB, Perle MA, Greco MA, Yang GCH: Epithelioid
gastrointestinal stromal tumor of the stomach with liver metastases in a
12-year-old girl: aspiration cytology and molecular study. Pediatric
and Developmental Pathology 2002, 5, 386-394.

Liu SW, Chen GH, Hsieh PP: Collision tumor of the stomach. J Clin
Gastroenterol 2002, 35, 332-334.

Maeyama H, Hidaka E, Ota H, Minami S, Kajivama M, Kuraishi A et
al: Familial gastrointestinal stromal tumor with hyperpigmentation:



GISTs

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

association with a germline mutation of the c-kit gene. Gastroen-
terology 2001, 120, 210-215.

Mendoza-Marin M, Hoang MP, Albores-Saavedra J: Malignant stro-
mal tumor of the gallbladder with interstitial cells of Cajal phenotype.
Arch Pathol Lab Med 2002, 126, 481-483.

Miettinen M, Kopczynski J, Makhlouf HR, Sarlomo-Rikala M,
Gyorff H, Burke A, Sobin LH, Lasota J: Gastrointestinal stromal tu-
mors, intramural leiomyomas, and leiomyosarcomas in the duodenum:
a clinicopathologic, immunohistochemical and molecular genetic
study of 167 cases. Am J Surg Pathol 2003, 27, 625-641.

Miettinen M, Lasota J: Gastrointestinal stromal tumors — definition,
clinical, histological, immunohistochemical, and molecular genetic
features and differential diagnosis. Virchows Archiv 2001, 438, 1-12.
Miettinen M, Lasota J: Gastrointestinal stromal tumors (GISTs): defi-
nition, occurrence, pathology, differential diagnosis and molecular ge-
netics. Pol J Pathol 2003, 54, 3-24.

Miettinen M, Kopczynski J, Makhlouf HR, Sarlomo-Rikala M, Gyorff
H, Burke A, Sobin LH, Lasota J: Gastrointestinal stromal tumors, intra-
mural leiomyomas, and leiomyosarcomas in the duodenum: a clini-
copathologic, immunohistochemical and molecular genetic study of
167 cases. Am J Surg Pathol 2003, 27, 625-641.

Miettinen M, Sarlomo-Rikala M, Sobin L, Lasota J: Esophageal stro-
mal tumors. A clinicopathologic, immunohistochemical, and molecu-
lar genetic study of 17 cases and comparison with esophageal
leiomyomas and leiomyosarcomas. Am J Surg Pathol 2000, 24,
211-222.

Miettinen M, Sarlomo-Rikala M, Sobin LH: Mesenchymal tumors of
muscularis mucosae of colon and rectum are benign leiomyomas that
should be separated from gastrointestinal stromal tumors — a cli-
nicopathologic and immunohistochemical study of eighty-eight cases.
Mod Pathol 2001, 14, 950-956.

Miettinen M, Sobin LH, Sarlomo-Rikara M: Immunohistochemical
spectrum of GISTs at different sites and their differential diagnosis
with a reference to CD117 (KIT). Mod Pathol 2000, 13, 1134-1142.
Naitoh I, Okayama Y, Hirai M, Kitajima Y, Hayashi K, Okamoto T,
Akita S, Gotoh K, Mizusima M, Sano H, Ohara H, Nomura T, Joh T,
Yokoyama Y, Itoh M: Exophytic pedunculated gastrointestinal stromal
tumor with remarkable cystic changes. J Gastroenterol 2003, 38,
1181-1184.

Nakagawa M, Akasaka Y, Kanai T, Yamashita T, Kuroda M, Taka-
yama H, Miyazawa N: Extragastrointestinal stromal tumor of the
greater omentum: case report and review of the literature. Hepato-
Gastroenterology 2003, 50, 691-695.

Nakaya I, Iwata Y, Abe T, Yokoyama H, Oda Y, Nomura G: Malignant
gastrointestinal stromal tumor originating in the lesser omentum, com-
plicated by rapidly progressive glomerulonephritis and gastric carci-
noma. Intern Med 2004, 43, 102-105.

Nakayama T, Hirose H, Isobe K, Shiraishi K, Nishiumi T, Mori S,
Furuta Y, Kasahara M: Gastrointestinal stromal tumor of the rectal
mesentery. J Gastroenterol 2003, 38, 186-189.

O’Brien P, Kapusta L, Dardick I, Axler J, Gnidec A: Multiple familial
gastrointestinal autonomic nerve tumors and small intestinal neuronal
dysplasia. Am J Surg Pathol 1999, 23, 198-204.

Papillon E, Rolachon A, Calender A, Chabre O, Barnoud R, Fournet
B: A malignant gastrointestinal stromal tumor in a patient with multi-
ple endocrine neoplasia type I. Eur J Gastroenterol Hepatol 2001,
13(2),207-211.

Prevot S, Bienvenu L, Vaillant JC, de Saint-Maur PP: Benign schwan-
noma of the digestive tract. A clinicopathologic and immunohisto-
chemical study of five cases, including a case of esophageal tumor. Am
J Surg Pathol 1999, 23, 431-436.

Robson ME, Glogowski E, Sommer G, Antonescu CR, Nafa K, Maki
RG, Ellis N, Besmer P, Brennan M, Offit K: Pleomorphic characteris-

51.

52.

53.

54.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

tics of a germ-line KIT mutation in large kindred with gastrointestinal
stromal tumors, hyperpigmentation, and dysphagia. Clin Cancer Res
2004, 10, 1250-1254.

Rossi CR, Mocellin S, Mencarelli R, Foletto M, Pilati P, Nitti D,
Lise M: Mini review. Gastrointestinal stromal tumors: from a surgical
to a molecular approach. Int J Cancer 2003, 107, 171-176.

Sabah M, Leader M, Kay E: The problem with KIT: clinical implica-
tions and practical difficulties with CD117 immunostaining. Applied
Immunohistochemistry & Molecular Morphology 2003, 11, 56-61.
Sakurai S, Hishima T, Takazawa Y, Sano T, Nakajima T, Saito K,
Morinaga S, Fukayama M: Gastrointestinal stromal tumors and
KIT-positive mesenchymal cells in the omentum. Pathology Interna-
tional 2001, 51, 524-531.

Sapi Z, Kovacs RB, Bodo M: Gastrointestinal stromal tumors. Obser-
vations on the basis of 29 cases. Orvosi Hetilap 2001, 142,
2479-2485(abs).

. Seidal T, Edvardsson H: Expression of c-kit (CD117) and Ki67 pro-

vides information about the possible cell of origin and clinical course
of gastrointestinal tumours. Histopathology 1999, 34, 416-424.
Shabahang M, Livingstone AS: Cutaneous metastases from a gastroin-
testinal stromal tumor of the stomach: a review of literature. Dig Surg
2002, 19, 64-65.

Sircar K, Hewlett BR, Huizinga JD, Chorneyko K, Berezin I, Riddell
RH: Interstitial cells of Cajal as precursors of gastrointestinal stromal
tumors. Am J Surg Pathol 1999, 23, 377-389.

Smithey BE, Pappo AS, Hill DA: c-kit expression in pediatric solid tu-
mors. A comparative immunohistochemical study. Am J Surg Pathol
2002, 26, 486-492.

Takahashi R, Tanaka S, Kitadai Y, Sumii M, Yoshihara M, Haruma K,
Chayama K: Expression of vascular endothelial growth factor and
angiogenesis in gastrointestinal stromal tumor of the stomach. Oncol-
ogy 2003, 64, 266-274.

duToit DF: Gastric haemorrhage in a patient with neurofibromatosis.
A case report. South African Med J 1987, 71, 730-731.

Tsuura Y, Hiraki H, Watanabe K et al: Preferential localization of c-kit
product in tissue mast cell, basal cells of skin, epithelial cells of breast,
small cell lung carcinoma and seminoma/dysgerminoma in human:
immunohistochemical study on formalin-fixed, paraffin embedded tis-
sues. Virchows Arch 1994, 424, 135-141.

Ueyama T, Guo KJ, Hashimoto H, Daimaru Y, Enjoji M: A clinico-
pathologic and immunohistochemical study of gastrointestinal stromal
tumors. Cancer 1992, 69, 947-955.

Wales PW, Drab SA, Kim PC: An unusual case of complete Carney’s
triad in a 14-year-old boy. J Pediatric Surg 2002, 37, 1228-1231.
Wang X, Mori I, Tang W, Utsunomiya H, Nakamura M, Nakamura Y,
Zhou G, Kakudo K: Gastrointestinal stromal tumors: clinico-
pathological study of Chinese cases. Pathology International 2001, 51,
701-706.

Wu SS, Buchmiller TL, Close P, Gershman GB, Peng SK, French SW:
Congenital gastrointestinal peacemaker cell tumor. Arch Pathol Lab
Med 1999, 123, 842-845.

Zhao H, Li H, Wang S: The clinicopathological and immunophe-
notypical features of 162 cases of gastrointestinal stromal tumor.
Chung-Hau Chung Liu Tsa Chih (Chinese Journal of Oncology) 1998,
20, 313-315(abs).

Address for correspondence and reprint requests to:
Katarzyna Urbanczyk M.D.

Department of Pathomorphology

Grzegorzecka 16, 31-531 Krakow

61



